Studies on New Synthetic Substrates for Cellulolytic Enzymes by Thomson, John W
S tu d ies  o r  Hey S y n th e tic  S u b s tra te s- 1  - |      ~l~ ~ 1 _ - . f -
f o r  C e l lu lo ly t ic  Enzymes
A T h esis  su b m itted  f o r  th e  degree o f  LGCTCIi OF PHILOSOPHY, 
Science F a c u lty  o f th e  U n iv e rs ity  o f Glasgow
"by
John W, Thomson
November, 1977 Glasgow
ProQuest Number: 13804136
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest
ProQuest 13804136
Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLC.
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106- 1346
STATEMENT
•This p r o je c t  was c a r r ie d  ou t i n  th e  C hem istry 
Department o f  th e  U n iv e rs ity  o f  Glasgow* wiiih th e  guidance 
o f  P ro fe s so r  B. Capon* There i s  no p a r t  b e in g  su b m itted  
c o n c u rre n tly  f o r  a n o th e r  deg ree .
O ctober 1974 -  Septem ber 1977
Signed
(John W, Thomson)
- iii -
Acknowledgments
I  th an k  P ro fe sso r  B. Capon f o r  h is  guidance and encouragem ent 
th ro u g h o u t th e  course  o f  t h i s  work.
My g ra t i tu d e  i s  a ls o  due to  Mrs. R. Thomson who typed  t h i s  
t h e s i s ,  and to  th e  Science R esearch  C ouncil who p rov ided  an  award 
which la s t e d  th e  d u ra tio n  o f  th e  th re e  y e a rs  which t h i s  work has 
tak en . \
/
iv
To Ena
/
- V -
CONTENTS
T i t l e  i
t£w
S tatem en t i i
Acloiowledgments i i i
D ed ica tio n  iv
A b s tra c t v i i
A b b rev ia tio n s  x
INTRODUCTION 1
C e llu lo se  1
G e l lu lo ly t ic  Organisms 4
C e l lu lo ly t ic  Enzymes 8
PREPARATIVE EXPERIMENTAL 43
G eneral 43
P re p a ra tio n  o f th e  P e ra c e ty la te d  Oligomers o f  ^ 3 -1 ,4 -  
L inked Glucose 4 4
Carbon-13 KMR o f  th e  A ce ty la ted  C e llo -o lig o sa c c h a r id e s  48
P re p a ra tio n  o f  th e  O lig o sacch arid es  o f ^ 3 - 1 ,4-L inked Glucose 55 
P re p a ra tio n  o f  3 ,4 -D in itro p h en y l p -G ly co sid es  o f 
Gv  a2 ,  G3 and G4 57
P re p a ra t io n  o f  M odified 3 ,4 - D in itro p h en y l -D -G lucopyranosides 64 
P r e p a ra tio n  o f an  A f f in i ty  Column JO
ENZYME PURIFICATION 74
C ellu la3 e  Enzyme Assays 76
P u r i f ic a t io n  o f C e llu la se  S I 8l
P u r i f i c a t io n  o f C e llu la se  E l i  103
Induced H y dro lysis  w ith  C e llu la se  E l 111
KINETIC EXPERIMENTAL 115
- vi -
T ables o f Enzymic H y d ro ly sis  o f 34DNPG , 34DNPG0 , 34DNPG,
y 1  «- J
and 34DNPG . 116
DISCUSSION 120
REFERENCES 139
Appendices 148
ABSTRACT
The in tro d u c t io n  c o n s is ts  o f a review  o f the  occurrence  ox 
c e l lu lo s e ,  o f th e  organism s re sp o n s ib le  f o r  c e l lu lo s e  d e g ra d a tio n
i.
and o f th e  c e l l u l o l y t i c  enzymes,
A new method has been developed f o r  th e  la rg e  s c a le  f r a c t io n a t io n  
o f p e ra c e ty la te d  c e llo -o lig o s a c c h a r id e s  u s in g  a la rg e  s i l i c a  column 
and a so lv e n t system  c o n s is t in g  o f carbon te tra c h la r id e /c h lo ro fo rm  
i n  th e  r a t i o  JO : 30 w ith  1ft m ethanol added.
The ca rb o n —13 2S4R s p e c tra  o f th e  p e ra c e ty la te d  c e l l o -  
o lig o sa c c h a r id e s  were determ ined  and a re  d iscu ssed  in  r e l a t i o n  to  
th e  ca rb o n —13 MIR spectrum  o f  c e l lu lo s e  a c e ta te ,
3,.4~I)in i t ro p h e n y l  ^3-I> -glucopyranoside and the  3, 4 -d .if litro p h en y l 
(2  - c e l lo -o l ig o s a c c h a r id e s  w ith  D.P, from 2 to  4 were p rep ared . T his 
in v o lv ed  c o u p lin g  o f th e  acetobrorao-sugars w ith  3?4-A in itre p h e n o l i n  
th e  p resence  o f anhydrous potassium  carb o n ate  and dry  ace to n e . The 
r e s u l t a n t  p e ra c e ty la te d  a r y l  o lig o sa c c h a r id e s  were d e -G -a ce ty la te d  
by th e  method o f Zemplen,
Some m odified  3» 4 -^ in itro p h e n y l y3 -^ -g lu c o p y ran o s id e s  were a ls o  
p rep a red .
An a f f i n i t y  column s p e c if ic  f o r  ^ - g l u c o s id a s e s  was p repared  by 
c o u p lin g  4-am inophenyl -B -th io g lu co p y ran o s id e  w ith  A f f i -g e l  10, a 
com m ercial a f f i n i t y  column su p p o rt m a trix  w ith  a 10& sp a c e r  arm.
Two enzymes from a  commercial c e l lu la s e  from Trichoderm a v i r i d e  
were p u r i f ie d ,  A ^ 3 -1 ,4 -g lu c a n  g lu eanohydro lase , d e s ig n a te d  
c e l lu la s e  E l, was o b ta in ed  by io n  exchange chrom atography on DEAI3- 
Sephadex A-25, passage th rough  Sephadex G-75 (tw ic e ) and f i n a l l y  
passage th rough  th e  a f f i n i t y  column, and a c e l lo b ia s e ,  d es ig n a ted  
c e l lu la s e  ELI, o b ta in ed  by io n  exchange chrom atography on DEAE- 
Sephadex A-25, passage  th rough  Sephadex G-75 th en  Sephadex G-100,.
Both, enzymes behaved as s in g le  p ro te in s  as  judged by SDS-gel 
e le c tro p h o re s is  and Sephadex G-75 and G-100 chrom atography. The 
m o lecu la r w eigh ts o f c e l lu la s e  E l and c e l lu la s e  E l i  were e s tim a ted  
to  be 12,000  and 74>400 re sp e c tiv e ly *
The a ry l c e l lo -o lig o s a c c h a r id e s  were used  as s u b s tr a te s  f o r  th e  
c e l lu la s e  enzymes* The v a lu e s  o f k^g^/Km f o r  c e l lu la s e  E l-c a ta ly s e d  
h y d ro ly s is  o f 3*4-< iiE itropheny l ^3 - c e l lo b io s id e ,  c e l l o t r io s id e  and 
c e l lo te t r a o s id e  were determ ined  to  be 161, 334 and 423 l . l f ^ .  s~**" 
re sp e c tiv e ly *  These v a lu e s  a re  compared w ith  th e  ly sozym e-ca ta ly sed  
h y d ro ly ses  o f 3 , 4- d in i t r o p h e r y l  - c h i to b io s id e ,  c h i to t r io s id e  and
c h i to te t r a o s id e  u n d e r s im i la r  conditions* .
Induced h y d ro ly ses  o f 3> 4 -d in i tro p h e n y l y3 -B -g lucopyranoside  
and j> -n itro p h e ry l p> -B -g lucopyranoside  were observed i n  th e  p resence  
o f c e l l o t r i o s e ,  c e l l o te t r a o s e  o r  c e llo p e n ta o se  and c e l lu la s e  E l. 
M odified 3 ,4 -d .ir itro p h e n y l -B -g lu co p y ran o sid es  wore in cu b ated  w ith
c e llo p e n ta o se  and c e l lu la s e  El and a ra p id  r a te  o f induced h y d ro ly s is  
was observed w ith  th e  6-deoxy-g lucopyranoside  and the  x y lo p y ra ro s id e  
a s  w e ll as th e  g lu eo p y ran o sid e . With 3 ,4 -d in itro p h e n y l 6-O -raethyl 
and 6- c h lo ro - 6-deoxy j2> -B -g lu co p y ran o sid es  a much reduced induced 
r a t e  o f h y d ro ly s is  was observed* With jg -n itro p h en y l 2-deoay-j3 -B - 
g lucopyranoside  th e re  was no induced  h y d ro ly s is . These r e s u l t s  a re  
d isc u sse d  and compared w ith  p re v io u s ly  re p o rte d  r e s u l t s  f o r  induced  
h y d ro ly ses  c a ta ly s e d  by lysozyme*
The r e a c t io n  r a t e s  f o r  c e l lu la s e  E l l - c a ta ly s e d  h y d ro ly s is  o f
3 , 4 -d in i t r o p h e r y l  and j> -n itropheny l j$  -B -g lucopyranosides were com­
pared  w ith  th e  r e a c t io n  r a te s  f o r  th e  co rrespond ing  m odified  g lu c o - 
p y ran o sid es . Any changes to  th e  g lucose  m oiety r e s u l te d  i n  a con­
s id e r a b le  lo s s  o f a c t i v i t y  compared to  th e  p a re n t g lucopyranoside . 
With o -n itro p h e n y l 2 -deoxy-^3-B -g lucopyranoside no enzymic h y d ro ly s is  
was observed*
ix —
'These r e s u l t s  a re  d isc u sse d  and compared w ith  th e  h y d ro ly ses  o f
o th e r  m odified  g lu copyranosides by v a rio u s  -g lu c o s id a s e s  which
have been p re v io u s ly  re p o r te d .
The M ichaelis-M enten c o n s ta n ts  f o r  c a ta ly s e d  h y d ro ly s is  o f
3 , 4- d i n i t r o  p h ery l -B -g lu co p y ran o sid e  were determ ined  f o r
—8c e l lu la s e  E l i .  The v a lu e  o f Vmax was 1.44 x 10” M /l/s  and th e  
v a lu e  o f Em was 7*09 x  10 ^M /l. The v a lu e  o f  kcat/& ° was 8830
ABBREVIATIONS
The a b b re v ia te d  nomeeg 1 a tu n e  used  th roughou t t h i s  th e s i s  i s  
a s  fo llo w s :
c
Name A bbreviated  Form
>2—Glucose G^
C e llo b io se
C e l lo t r io s e
G e llo te tra o se  G.4
C ello p en tao se  G^
Tho p e r-O -a c e ty la te d  d e r iv a t iv e s  have th e  p r e f ix  Ac? 
e .g .  AoG  ^ i s  c e l lo b io s e  o c ta -O -a c e ta te .
S u b s ti tu e n ts  a t  C -l o f  th e  re d u c in g  su g a r  a re  a ls o  w r i t t e n  a s  
p re f ix e s  to  th e  sugar?
e .g .  i s  3?4- d in i t r o p h e n y lp - c e l lo b io s id e .
I f  th e  su g a r has a s u b s t i tu e n t  a t  0-1 and i s  a ls o  a c e ty la te d  
th e  Ac p r e f ix  comes f i r s t ;
e .g .  Ac34DNPG  ^ i s  3>4-d-i»i'fcrophenyl t r i d e c a - O - a c e ty l - p - c e l lo -  
t e t r a o s i a e .
The lin k a g e  betw een pyranose su g ars  i s  p  u n le s s  o th e rw ise  
s t a t e d .
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INTRODUCTION
As an  in tr o d u c t io n  to  t h i s  th e s i s  i t  i s  proposed to  g ive  a 
d e s c r ip t io n  o f  th e  environm ent encoun tered  by c e l l u l o l y t i c  organism s 
fo llo w ed  hy an  account o f  th e  organism s which l iv e  on c e l lu lo s e  based  
m a te r ia l .  A review  on th e  developm ent o f  c e l l u lo ly t io  enzyme re s e a rc h  
w i l l  th en  be g iven .
C e llu lo se
C e llu lo se  i s  th e  most abundant n a tu r a l ly  o c c u rr in g  o rg an ic  
su b s ta n c e , b e in g  found as th e  main c o n s t i tu e n t  o f  h ig h e r  p la n ts .  
C e llu lo se  i s  p re se n t i n  wood, seed  h a i r s ,  b a s t  f i b r e s ,  s traw , s t a l k s ,  
m arine p la n ts  and p e a t. Com m ercially, c e l lu lo s e  i s  used  i n  th e  form 
o f  wood, c lo th ,  rayon , f i lm , p l a s t i c s ,  la c q u e rs , paper, C ellophane, 
rope  and f i l l e r s .  I t  was th e  d e s t r u c t io n  o f  th e se  p ro d u c ts  by 
organism s th a t  i n i t i a t e d  a  r e a l  su rg e  i n  c e l lu la s e  re s e a rc h .
C e llu lo se  i s  found a lm ost pure i n  c o tto n  f ib r e s  ( 98$ on a d ry  
w eight b a s i s ) .  B ast f ib r e s  such as  f l a x  (80-9°$  c e l lu lo s e ) ,  ramie 
(ca  8C$) and ju te  (60-70$) a re  a ls o  good so u rces  o f the  p o ly sac c h a rid e . 
Wood on ly  co n ta in s  40-50$ c e l lu lo s e  b u t p ro v ides th e  most im p o rtan t 
commercial source o f c e l lu lo s e .
P la n t c e l l  w a lls  c o n ta in  th re e  fundam ental p a r t s :  prim ary w a ll, 
d e fin e d  as the  p a r t  o f th e  w a ll produced d u rin g  su rfa c e  growth; 
secondary  w a ll, produced a f t e r  th e  su rfa c e  growth has ceased ; and 
betw een a d ja c e n t c e l l s  i n  the  t i s s u e  th e re  e x is t s  th e  m iddle la m e lla . 
The secondary  w a ll d isp lays th re e  d i s t i n c t  reg io n s  d e s ig n a te d  SI, S2 
and S3. These a re  shown in  F ig u re  1. The o u te r  la y e r ,  SI, i s  a 
t h in  t r a n s i t i o n  la y e r .  The m iddle la y e r ,  S2, forms the  b u lk  o f th e  
secondary  w a ll. The in n e r  la y e r ,  S3, i s  a ls o  th in .  The la y e r s  SI to  
S3 a re  d is t in g u is h e d  by th e  o r ie n ta t io n  o f th e  c e l lu lo s e  polymer i n  
each re g io n . These o r ie n ta t io n s  a re  re p re se n te d  by th e  shad ing  o f  
re g io n s  SI to  S3 i n  F ig u re  1.
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W ithin  each la y e r  o f th e  secondary  w a ll, th e  c e l lu lo s e  and o th e r  
c e l l  w a ll c o n s t i tu e n ts  a re  ag g regated  in to  hundles c a l le d  m io r o f ib r i l s .  
The m ic r o f ib r i l s  a re  d i s t i n c t  e n t i t i e s  i n  th a t  few c e l lu lo s e  m olecu les,
i f  anyi ev e r c ro ss  ov er from one m ic r o f ih r i l  to  a n o th e r . These 
a g g re g a te s  shown d iag ram m atica lly  i n  F ig u re  2, W ith in  each 
m ic r o f ih r i l ,  th e  l i n e a r  m olecules o f c e l lu lo s e  a re  hound l a t e r a l l y  hy 
hydrogen bonds and Van d e r  Waal fo rc e s  in to  a l in e a r ,  p a r t i a l l y  
o r y ta l l in e  s t r u c tu r e .  As shown in  F igu re  2 th e  c e l lu lo s e  m olecules 
a re  a s s o c ia te d  i n  v a r io u s  deg rees o f p a ra l le l is m . Regions o f  a 
h igh  degree o f o rd e r  a re  c a l le d  c r y s t a l l i t e s  o r  m ic e l le s $ th o se  i n  
which th e  c e l lu lo s e  i s  more randomly o r ie n te d  a re  c a l le d  amorphous 
o r  p a r a c r y s ta l l in e  re g io n s .
C e llu lo se  i s  a  l i n e a r  polymer o f D -glucopyranose u n i t s  l in k e d  
hy /3 - 1 ,4 - g ly c o s id ic  bonds. The degree o f p o ly m e risa tio n  (DP) i s  
b e lie v e d  to  range from as low as 15 o r  le s s  to  as h ig h  as 7 ,0 0 0 -
10,000. A v a lu e  o f 15*000 f o r  th e  degree o f p o ly m e risa tio n  was 
found f o r  c e l lu lo s e  from unopened c o tto n  b a l l s  ( l ) .  T his co rresponds 
to  a  m o lecu lar w eight o f 2 .4  x 10^ and a c h a in  le n g th  o f  7000mm, 
F ig u re  3 shows p a r t  o f  th e  o e l lu lo s e  m olecule.
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Figure 1
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The h ig h ly  o rd ered  c r y s t a l l i n e  s t r u c tu r e  o f c e l lu lo s e  p e rm its  
th e  a p p l ic a t io n  o f X -ray c ry s ta llo g ra p h y . Two main s t r u c tu r a l  ty p es  
o f  c e l lu lo s e  a re  found: c e l lu lo s e  I  and c e l lu lo s e  I I .  C e llu lo se  I  
i s  n a tu ra l  c e l lu lo s e  as  found in  c o tto n  and wood. C e llu lo se  I I  i s
Microfibrils Amorphous 
Regions
Crystalline 
Regions
Figure 2
formed on r e c r y s t a l l i s a t i o n  o f th e  polym er. Jones (2 ) and
A sp in a ll (3 ) d is c u s s  more f u l l y  th e  c r y s ta l  s t r u c tu r e  o f  th e se  types
o f  c e l lu lo s e .  A fe a tu re  o f b o th  c r y s ta l  ty p es  i s  th e  re p e a t d is ta n c e  
o
o f  1 0 .3A which co rresponds to  th a t  o f a  c e llo b io se  u n i t .  T his f e a tu re  
i s  a ls o  found i n  c r y s ta l l in e  c h i t in ,  a  p o ly sacch arid e  w ith  ^ 3 -1 ,4  
l in k e d  2-acetam ido-2-deoxy-D -glucopyranose re s id u e s .
O ther c o n s t i tu e n ts  'of wood a re  th e  h e m ic e llu lo se s . These a re  
r e l a t i v e l y  s h o r t  polymers w ith  DP o f about 200. The u n i t s  which
OHOH
HO
OHOH
Figure 3
make up th e  polym er a re  u s u a l ly  m onosaccharide u n i t s  o th e r  th a n  .. . 
g lu c o se . The more common su g ars  a re  x y lo se , g a la c to se , mannose and 
a ra b in o se  as w e ll a s  u ro n io  a c id s  o f g lucose  and g a la c to s e . These 
m onosaccharide u n i t s  and d e r iv a t iv e s  a re  lin k e d  to g e th e r  by m ainly
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|3 - 1 ,3 ,  £ - 1 , 6  and £ - 1 , 4  g ly co sid e  bonds, A d e ta i le d  survey  o f 
th e  ch em istry  o f  wood h e m ic e llu lo se s  has been  made by T im ell (4 ).
l i g n i n  i s  an o th e r im p o rtan t c o n s t i tu e n t  o f c e l l  w a lls . I t  i s  
m ostly  found i n  th e  re g io n  o f th e  la m e lla  and prim ary w a ll. L ig n in  
i s  a  complex th re e -d im e n sio n a l polymer formed from phenyl propane 
ty p e  u n i ts , .  Three m olecules which a re  found in  th e  d e g ra d a tio n  
p ro d u c ts  o f l ig n in  a re  c o n ife ry l  a lc o h o l, s in a p ic  a lc o h o l and
j>-cumaric a lc o h o l. These a re  shown i n  F ig u re  4* I t  i s  thought 
t h a t  th e re  a re  c o v a len t bonds between th e  h em ic e llu lo se s  and 
l ig n in .
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O ther m inor c o n s t i tu e n ts  a re  waxes, f a t e ,  e s s e n t ia l  o i l s ,  
ta n n in s , r e s in s  and f a t t y  a c id s ,  te rp e n e s , a lk a lo id s ,  s ta r c h ,  gums, 
amino a c id s , p ro te in s  and n u c le ic  a c id s .
C e l lu lo ly t ic  Organisms
I t  has been e s tim a ted  th a t  c e l lu lo s e  d e g ra d a tio n  re tu rn s  
85 b i l l i o n  tonnes o f carbon as carbon d io x id e  to  th e  atm osphere each 
y e a r . I t  has a lso  been s t r e s s e d  th a t  i f  d e g ra d a tio n  ceased  w hile  
p h o to sy n th e s is  con tinued  unab ated , l i f e  as we know i t  would s ta g n a te  
f o r  la c k  o f a tm ospheric  carbon  d io x id e  in  u n d er 20 y e a rs  (5 ). I n
t h i s  way d e g ra d a tio n  o f  c e l lu lo s e  i s  an in d isp e n sa b le  p ro cess  f o r  
th e  m ain ta inance  o f th e  carbon balance  i n  n a tu re .
Most c e l l u lo ly t i c  organism s a re  found among fu n g i and b a c te r ia .  
Some p ro tozoa  a re  a lso  c e l l u lo ly t i c .
Fungi
A ccepting  th a t  th e  b u lk  source  o f  c e l lu lo s e  i s  locked  up in  
p la n ts  and wood, i t  i s  no t s u r p r is in g  th a t  many c e l l u l o l y t i c  organism s 
l iv e  j u s t  on the  su rfa c e  o r  in  th e  s o i l  on dead o r  dy ing  v e g e ta tio n .
Fungi a re  by d e f in i t io n  th a llo p h y te  p la n ts  th a t  la c k  c h lo ro p h y ll. 
Having no c h lo ro p h y ll, th ey  a re  unab le  to  f i x  t h e i r  own carbon and 
a re  th e re fo re  h e te ro tro p h ic . T h e ir  main carbon  source  i s  th e  sim ple 
su g a rs  which may serv e  as  th e  o n ly  source  f o r  th e  m a jo rity  o f fu n g i. 
One ex ce p tio n  i s  Leptom itus la c te u s  which grows on a c e ta te s  and f a t t y  
a c id s ..
Fungi can  be sap ro p h y tic  o r  p a r a s i t i c .  S aprophy tic  fu n g i e i t h e r  
c o lo n is e  dead p la n t and anim al rem ains o r  th ey  absorb  o rg an ic  
m a te r ia ls  which have exuded o r  leak ed  from l iv in g  o r  dead organism s. 
Kaxy p a r a s i t i c  fu n g i can  a lso  l iv e  as sap ro p h y tes  e i t h e r  on th e  h o s t 
which they  have k i l l e d  o r  on o th e r  dead organism s. Two in t e r e s t i n g  
p a r a s i t i c  fu n g i a re  D a c ty le lla  d re c h s le r i  and A rth ro b o try s  d a c ty lo id e s  
which t r a p  nematode worms by h o ld in g  th e  worms w ith  s t ic k y  knobs and 
tra p p in g  them i n  c o n s t r ic t in g  r in g s  re s p e c t iv e ly .  S aprophy tic  fu n g i 
a re  th e  most im p o rtan t c e l lu lo s e  d eg rad e rs .
Fungal c e l l  w a lls  c o n ta in  80-90^ p o ly sacch a rid e  w ith  th e  
rem ainder b e in g  p ro te in  and l i p i d .  The th re e  commonest b u ild in g  
b lo ck s  o f  th e  form er a re  B -glucose i n  g lu can s , N -ace ty l glucosam ine 
i n  c h i t i n  and B-mannose in  mannans. The m a jo r ity  o f  fu n g i c o n ta in  
c h i t i n  and g lucans i n  t h e i r  w a lls . C h it in  makes up 3-60^ o f  d ry
TABLE 1
Some M icrob ia l Genera Capable o f  U t i l i s i n g  C e llu lo se
Fungi
A lte rn a r ia
A sp e rg illu s
Chaetomium
C o p rim s
Fomes
Fusarium
l^rrotheciun
P e n ic ill iu m
B a c te r ia
Achromobaoter
Angiococcus
B a c illu s
C e l l f a lc ic u la
Cellulom onas
C e l lv ib r io
A c tin o p y ce tes
Mioromonospora
U ooardia
P ro tozoa
Polyporus
B h izocton ia
Bhizopus
Tram etes
Trichoderm a
T richo thecium
V e r t ic i l l iu m
^ygorhynchus
C lo strid iu m
Cytophaga
Polyangium
Pseudomonas
Sorangium
Sporocytophaga
Streptom yoes
S trep tosporang ium
H artm anella S cb izo p y rem s
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w eight o f th e  w a lls . The g lucans a re  n o n -c e llu lo s ic  and c o n ta in  i n  
th e  main J3 -1 ,3  and y 0 - l ,6  lin k e d  g lucose u n i t s .  They a re  thus no t 
degraded "by c e l lu la s e s .  Manners} a s s o c ia te d  w ith  g lu can s , a re  
c h a r a c te r i s t i c  o f  y e a s t  c e l l  w a lls .
S ince c e l lu lo s e  i s  a la rg e  in s o lu b le  m olecule i t  cannot he 
u t i l i s e d  as a  carbon  source u n t i l  i t  has been broken down. D ig e s tiv e  
enzymes sy n th e s ise d  in s id e  “the c e l l s  o f th e  organism  a re  re le a s e d  
from th e  c e l l s  and hydro lyse  th e  c e l lu lo s e .  The sim ple su g ar p ro d u c ts  
a re  th e n  absorbed by th e  c e l l s .  Such d ig e s t io n  o u ts id e  o f  th e  c e l l s  
i s  c a l le d  e x t r a c e l lu l a r  d ig e s t io n .
Table 1 l i s t s  some o f  th e  genera  o f  fu n g i capab le  o f  u t i l i s i n g  
c e l lu lo s e .
B a c te r ia
Host b a c te r ia  a re  h e te ro tro p h ic , b e in g  e i t h e r  sap ro p h y tes  o r  
p a r a s i t e s .  B a c te r ia l  c e l l  w a lls  a re  composed o f amino a c id s  and 
amino su g ars  (and t h e i r  d e r iv a t iv e s ,  p a r t i c u l a r ly  rauramic a c id ) .
B a c te r ia  a re  o u ts ta n d in g  c e l lu lo s e  decomposers i n  more o r  l e s s  
a n ae ro b ic , c lo se d  environm ents, as in  in t e s t i n e s  o f  h e rb iv o re s , in  
th e  rumen o f  c a t t l e  and in  th e  d ig e s t iv e  ju ic e s  o f in v e r te b r a te s .
H erb ivo res, such as th e  h o rse , have a la rg e  caecum a t  th e  
p o s te r io r  end o f  the  d ig e s t iv e  t r a c t  which c o n ta in  la rg e  numbers o f  
b a c te r ia  and p ro tozoa  capab le  o f c e l lu lo s e  d e g ra d a tio n .
Ruminants, l ik e  th e  cow, have a  more e f f i c i e n t  system  u t i l i s i n g  
m ic ro b ia l d ig e s t io n . V ast numbers o f  b a c te r ia  and p ro to zo a  l iv e  i n  
th e  f i r s t  and second chambers o f th e  stomach, th e  rumen and th e  
re tic u lu m , where m ic ro b ia l fe rm e n ta tio n  ta k e s  p la c e . Slowly th e  
p ro d u c ts  o f m ic ro b ia l a c t io n  and th e  m icrobes them selves move on in to  
th e  t ru e  stomach and i n t e s t i n e ,  where more u su a l ty p es  o f  d ig e s t io n  
and a b so rp tio n  ta k es  p la c e . S ince m ic ro b ia l d ig e s t io n  i s  in  th e
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a n t e r i o r  p o r t io n  o f th e  d ig e s t iv e  t r a c t  r a th e r  th a n  in  a  p o s te r io r  
caecum,, rum inants d e riv e  maximal "benefit from th e  m ic ro b ia l a c t io n .
Mary c la s s e s  o f m olluscs d ig e s t  c e l lu lo s e  p robab ly  by enzymes 
b o th  from th e  gu t o f th e  m ollusc  and from m icrobes p re s e n t i n  th e  g u t. 
The s n a i l  H e lix  pom atia and some genera  o f  g astro p o d s and b iv a lv e s  
produce t h e i r  own c e l lu la s e s .
A v a r ie ty  o f  in s e c ts ,  n o tab ly  th e  te rm ite s ,  feed  on wood which 
th e y  could  n o t u se  were i t  n o t f o r  i n t e s t i n a l  m icrobes th a t  can 
ferm en t th e  c e l lu lo s e .  A few sp e c ie s  o f wood e a t in g  b e e t le s  do, 
however, s e c re te  c e l lu la s e  enzymes and such b e e t le s  do no t have to  
r e ly  on i n t e s t i n a l  m icrobes.
P ro tozoa
These a re  sim ple organism s which a re  m ostly  h e te ro tro p h ic  
a lth o u g h  some p o ssess  c h lo ro p h y ll. A g e m s, Calonyrapha, found i n  
th e  g u t o f te rm ite s  p a r t i c ip a te s  i n  th e  d ig e s t io n  o f c e l lu lo s e .
Hany a re  found i n  c o n ju n c tio n  w ith  b a c te r ia  i n  th e  d ig e s t iv e  t r a c t s  
o f  mammals.
S ev era l p ro tozoa  i n  pure c u l tu re  a re  capab le  o f c e l lu lo s e  
breakdown, f o r  example, sp e c ie s  o f H a rtn a n e lla  and Sc h i z o p.yre m s .
R eferences 6, 7, 8, 9 a wl 10 a re  u s e f u l  f o r  an  in tr o d u c t io n  
to  c e l l u lo ly t io  m icro-organism s.
C e l lu lo ly t ic  Enzymes
I n  1912, Pringsheim  (11) perform ed one o f  th e  f i r s t  experim ents 
to  de term ine  th e  n a tu re  o f th e  enzymes re sp o n s ib le  f o r  th e  d e g ra d a tio n  
o f  c e l lu lo s e .  U sing c e l l u l o l y t i c  b a c te r ia  he showed th a t  the  
organism  degraded c e l lu lo s e  to  g lucose  a t  am bient tem p e ra tu res .
Rhen th e  in c u b a tio n  was c a r r ie d  o u t a t  67°C he found th a t  th e  end 
p ro d u c t o f th e  d e g ra d a tio n  was c e l lo b io s e . This was ex p la in ed  by
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th e  p resence  o f  two enzymes w ith  d i s t i n c t  p ro p e r t ie s .  C e llu lo se  was 
degraded  to  c e l lo b io s e  by an  enzyme which was s t i l l  a c t iv e  a t  67°C 
and a 'c e l l o b i a s e 1 whose a c t i v i t y  was l o s t  a t  67°C, which hydro lysed  
c e l lo b io s e  to  g lu co se . This was a lso  th e  f i r s t  tim e th a t  th e  
d e g ra d a tio n  o f  c e l lu lo s e  was though t o f  as m ulti-enzym ic*
The nex t im p o rtan t experim ents to  be u n d ertak en  were th o se  o f 
Grassmann e t  a l  (1 2 ,1 3 ,1 4 ) in  1931-1933* They to o k  a commercial 
c e l lu la s e  from A sp e rg illu s  oryzae and f r a c t io n a te d  i t  on a  ’clay* 
column in to  a * p o ly sacch arase ' ( c e l lu la s e )  and an 'o l ig o s a c c h a ra s e * 
( c e l lo b io s e ) .  The c e l lu la s e  was a c t iv e  tow ards c e l lo d e x t r in  and 
ce llo h ex ao se  b u t showed v e ry  l i t t l e  a c t i v i t y  tow ards c e l lo te t r a o s e  
and seven le s s  towards c e l l o t r i o s e .  Ko h y d ro ly s is  was observed  w ith  
c e l lo b io s e  as s u b s t r a te .
Comparing th e  c o n c e n tra tio n  o f  th e  c e l lo -o lig o s a c c h a r id e s  w ith  
th e  i n i t i a l  a c t i v i t y  o f the  c e l lo b ia s e  th e re  i s  v e ry  l i t t l e  d i f f e r ­
ence i n  i n i t i a l  r a te s  o f h y d ro ly s is  o f  g ly c o s id io  bonds. These 
r e s u l t s  a re  an  e x te n s io n  o f P rin g sh e im 's  21 y e a rs  e a r l i e r .
V eiy l i t t l e  work was done on c e l l u l o l y t i c  enzymes f o r  th e  nex t 
17 y e a r s .  A y 6 - 1 ,4  g lucanhydro lase  was i s o la te d  from A sp e rg illu s  
n ig e r  by s e v e ra l  w orkers (15 ,16 ,17 ,18 )*  The f i r s t  c e l l - f r e e  f i l t r a t e s  
o f  th e  fungus Kyrothecium v e r ru c a r ia  which showed c e l l u lo ly t i c  
a c t i v i t y  were o b ta in ed  by Saunders, S iu  and Genest (19)*
I n  1950, Reese, S iu and Levinson (20) p u b lish ed  t h e i r  now 
c la s s i c  p aper on 'The B io lo g ic a l D egradation  o f S o lub le  C e llu lo se  
D e riv a tiv e s  and i t s  R e la tio n sh ip  to  th e  Mechanism o f C e llu lo se  
R y d ro ly s is* . T h e ir  r e s u l t s  le d  them to  th e  assum ption  th a t  th e  
d e g ra d a tio n  o f n a tiv e  c e l lu lo s e ,  th a t  i s ,  th e  c r y s t a l l i n e  m ic e lle s  
found i n  n a tu re , to  g lucose  c o n s is ts  o f  a t  l e a s t  two system s.
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T h e ir  f i r s t  s te p ,  d e s ig n a te d  a s  C^, o ccu rs  p re lim in a ry  to
h y d ro ly s is  o f th e  s t r a ig h t  c h a in  "by Cx enzymes. C e llo b ia se
enzymes were no t co n sid ered  im p o rtan t in  th e  c e l l —f r e e  f i l t r a t e s .
The n a tu re  o f enzyme component was u n s p e c if ie d . T h e ir  diagram
summarises t h e i r  p o s tu la te s .
s h o r te r  l i n e a r  s o lu b le ,  sm all m olecu les,C. C1 X
N ative  c e l lu lo s e  —> polyanhydro- -—» capab le  o f  d i f f u s io n  in to
g lu co se  ch a in s  th e  c e l l
^ ...............— v  — ^
B o n c e llu lo ly tic  organism s
— ■—-— —----------------------------------- sy--------------------------------------------------------  -^
C e l lu lo ly t ic  organism s
They a ls o  no ted  th a t  c e l l u l o l y t i c  enzymes a re  produced by the
organism  i n  response  to  th e  p resence  o f a  y 3 - l ,4  g lu c o s id ic  lin k a g e .
T his r e p o r t  by Reese th e n  s e t  th e  p a t t e r n  o f  c e l lu la s e  re s e a rc h  
f o r  th e  nex t few y e a rs . The q u e s tio n  asked a t  th a t  t in e  was "Are 
th e re  s e v e ra l  c e l lu la s e s ,  o r  i s  th e re  on ly  one ty p e ?" . I t  i s  s tra n g e  
t h a t  t h i s  q u e s tio n  was asked s in c e  th e  work o f  P ringsheim  and 
Grassmann had shown th e re  to  be a t  l e a s t  two enzymes in v o lv ed  i n  
th e  d e g ra d a tio n  o f  c e l lu lo s e .
R esearch  w orkers th e n  s e t  o u t to  i s o l a t e  th e  c e l lu la s e  f r a c t io n s  
from  th e  e x t r a c e l lu l a r  medium o f c e l l u l o l y t i c  organism s. I n  keeping  
w ith  new methods o f  enzyme s e p a ra t io n , new methods o f  d e te rm in in g  
th e  a c t i v i t i e s  o f  th e  c e l lu la s e  f r a c t io n s  were in tro d u ce d .
I n  1950* Reese (2 0 ,2 1 ) used  s o lu b le  sodium carboxym etbyl 
c e l lu lo s e  to  determ ine  Cx a c t i v i t y  by th e  d ec rea se  in  v i s c o s i ty  o f 
th e  s u b s t r a te  as  w e ll as  th e  in c re a s e  i n  red u c in g  power o f th e  
su g a r  s o lu t io n .  They found th a t  f o r  Cx enzymes a d ecrease  i n  
v i s c o s i ty  b e fo re  th e  in c re a s e  i n  red u c in g  su g a r  was e v id e n t.
A nother method developed f o r  th e  d e te rm in a tio n  o f  Cx a c t i v i t y  
was th e  a c t io n  o f th e  enzyme on c o tto n  sw o llen  by tre a tm e n t w ith
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p hosphoric  a c id . W alseth (22) determ ined  th e  d ecrea se  i n  th e  degree 
o f  p o ly m e risa tio n  o f  th e  c o tto n  c e l lu lo s e  w hereas th e  fo rm atio n  o f 
red u c in g  groups from th e  enzymic h y d ro ly s is  was th e  method used  hy 
G il l ig a n  and Reese (23), Myers and E o rth co te  (24) and W hitaker (2 5 ).
V arious methods were employed to  determ ine  a c t i v i t y  proposed 
hy Reese. B ative c e l lu lo s e  in  th e  form o f  o o tto n  was used  as  sub­
s t r a t e .  M orphological changes were determ ined  by m icroscopic  
o b se rv a tio n s  (2 6 ), e le c t r o n  m icroscopic  o b se rv a tio n s  (2 7 ) and by 
m easuring  th e  t e n s i l e  s t r e n g th  and a lk a l i - s w e l l in g  o f  th e  c o tto n  (23). 
The w eight d ecrease  (19 ,28 ) and a ls o  th e  amount o f red u c in g  su g a r 
produced (2 9 ) from dewaxed o o tto n  were u sed  to  determ ine  a c t i v i t y .
A ll th e  methods d e sc rib e d  g ive  an  o v e ra l l  in d ic a t io n  o f 
a c t i v i t y  b u t g ive no s p e c i f ic  in fo rm a tio n  on which bonds a re  b e in g  
hy d ro lysed .
W hitaker was one o f th e  f i r s t  w orkers i n  th e  f i e l d  to  de term ine  
th e  s u b s tr a te  s p e c i f i c i t y  o f  a  c e l lu la s e  enzyme. Grassmann used  
^ - 1 , 4  o lig o g lu c o s id e s  as  enzyme s u b s t r a te s  i n  1933. I t  was 1994 
b e fo re  W hitaker (30) used  them a g a in  w ith  a  p u r i f ie d  c e l lu la s e  from 
Myrothecium v e r r u c a r ia . These ty p es  o f  s u b s t r a te s  were ex tended by 
u se  o f  methyly0 -1 ,4  o lig o g lu c o s id e s  (3 1 ). A c e l lo d e x t r in  o f 
average  DP 24 was used  as s u b s t r a te  by W hitaker (3 2 ). On h y d ro ly s is  
by th e  enzyme th e  fo rm atio n  o f red u c in g  groups as w e ll as th e  r a t i o  
o f  o lig o sa c c h a r id e s  produced was no ted .
S pec tropho tom etric  s u b s t r a te s  were v e ry  r a r e ly  u sed  to  determ ine  
a c t i v i t y .  A ryl g lu co s id es  were common f o r  d e te rm in a tio n  o f 
g lu co sid ase  a c t i v i t y .  As e a r ly  as 1952 H isizaw a and Wakabayashi (33) 
had p rep ared  j> -n itro  phenyl ^  - c e l lo b io s id e  f o r  u se  i n  d e te rm in in g  
th e  mode o f a c t io n  o f  a  c e l lu la s e  from I rp e x  la c te u s . j> -B Itrophenyl 
and m ethyl y3 - c e l lo te t r a o s id e  were a lso  u sed  a s  s u b s t r a te s  f o r  th e
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c e l lu la s e  b u t th e  m ajor h y d ro ly t ic  p ro cess  was th e  s p l i t t i n g  o f  th e  
c e n t r a l  g ly co sid e  bond to  g iv e  c e l lo b io s e  and th e  a iy l  c e l lo b io -  
s id e  (3 4 ).
I n  th e  e a r ly  1950 's  two o f  th e  m ajor c o n tr ib u to r s  to  th e  f i e l d  
were Reese and W hitaker, R ee se 's  approach  was to  lo o k  a t  th e  
enzyme system s from v a rio u s  c e l l u l o l y t i c  o rgan ism s. W hitaker, on 
th e  o th e r  hand, c o n ce n tra te d  on one system . He c lo s e ly  examined th e  
n a tu re  and p ro p e r t ie s  o f  a  c e l l u la s e  from Kyrotheciura v e r r u c a r ia .
A ccording to  Reese a  t ru e  c e l l u l o l y t i c  enzyme system  i s  one i n  
which n a tiv e  c e l lu lo s e  i s  degraded  to  g lu co se . T his invoked th e  
p resen ce  o f th e  component s in c e  some organism s cou ld  on ly  u t i l i z e  
m odified  c e l lu lo s e .  Between 1950 1954 Reese and h is  a s s o c ia te s
p re se n te d  a s e r ie s  o f papers  on c e l l u l o l y t i c  system s (20 ,21 , 35?36, 
3 7 ,3 8 ,3 9 ,2 3 ) . They used  a  v a r i e ty  o f  organism s as a  source  o f 
c e l lu la s e  enzymes. Some fu n g a l sp e c ie s  were A sp e rg illu s  lu c h u e r .s is , 
A sp e rg illu s  t e r r e u s , Fusarium  ro se  urn, Myrothecium v e r ru c a r ia  and 
T rich o d em a v i r i d e . Some b a c t e r i a l  sp e c ie s  were C e l lv ib r io  v u lg a r is  
and Sporocytophaga m yxococcoides. They found th a t  th e  c e l lu la s e s  
from  d i f f e r e n t  organism s d i f f e r e d  i n  t h e i r  r e l a t i v e  a c t i v i t i e s  tow ards 
CMC and tow ards c o tto n  (3 6 ). When th e  crude enzyme f i l t r a t e s  were 
s e p a ra te d  by paper chrom atography, s e v e ra l  Cx components were 
f r e q u e n tly  found (38 ). O ther media used  by Reese to  f r a c t io n a te  
c e l l u l o l y t i c  components were c e l lu lo s e  columns and calcium  phosphate 
g e l columns. They found th a t  th e  calcium  phosphate g e l columns gave 
th e  b e s t  s e p a ra tio n .
E x t r a c e l lu la r  enzymes from Triehoderm a v i r i d e  were f r a c t io n a te d  
on a calc ium  phosphate g e l column to  g ive  3 main peaks la b e l le d  
A,; B^ and B^, and CD which d i f f e r e d  from each  o th e r  in  t h e i r  r a t e  o f 
movement on th e  column, i n  t h e i r  r e l a t i v e  a c t i v i t i e s  on c e r ta in
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a e l l u lo s ic  s u b s t r a te s ,  i n  t h e i r  mode o f a o tio n , and i n  t h e i r  
b eh av io u r i n  th e  presence  o f c e llo b io se ..  I n  a d d i t io n  th e re  was a 
marked sy n e rg ic  e f f e c t  shown when f r a c t io n s  were recom bined.
F r a c t io n a t io n  o f  th e  f i l t r a t e  from Myrothecium v e r ru c a r ia  
produced a t  l e a s t  6 peaks w ith  c e l l u l o l y t i c  a c t i v i t y .
O ther w orkers were a lso  exam ining th e  n a tu re  o f  th e  c e l lu la s e  
system . W alseth (22) was lo o k in g  a t  th e  occu rrence  o f c e l lu la s e s  i n  
enzyme p re p a ra t io n s  from m icro-organism s and the  in f lu e n c e  o f f in e  
s t r u c tu r e  o f c e l lu lo s e  on th e  a c t io n  o f c e l l u la s e s .  Jermyn (40) i n  
h i s  work on fu n g a l c e l lu la s e s  noted th e  com plex ity  o f enzymes from 
A sp e rg illu s  oryzae th a t  s p l i t  Q  -g lu c o s id ic  lin k a g e s  and t h e i r  
p a r t i a l  s e p a ra t io n . Kooiman e t  a l  (4 1 ) observed  th e  p resence  o f  
h ig h e r  o ligom ers i n  th e  d e g ra d a tio n  o f c e l lu lo s e  by a c e l lu la s e  from 
Myrothecium v e r ru c a r ia  and th e  p resence o f  a  c e l lo b ia s e  was a ls o  no ted . 
W h is tle r  and Smart (4 2 ) removed th e  c e l lo b ia s e  from a commercial 
c e l l u la s e  p re p a ra t io n  and as a  r e s u l t ,  c e l lo b io s e  was th e  main 
p ro d u c t o f h y d ro ly s is  by th e  p u r i f ie d  c e l lu la s e  p re p a ra t io n  (c f ,  
P ringsheim , 1912). Hash and King (43) a lso  dem onstrated  a n  o lig o ­
sa c c h a rid e  in te rm e d ia te  i n  th e  enzymic h y d ro ly s is  p ro d u c ts  o f  
c e l lu lo s e .
The work o f  Reese and o th e rs  b rought Reese i n  1955 to  "the 
c o n c lu s io n  th a t  th e  c e l lu la s e  system  was v e ry  complex indeed  (4 4 )•
He s t i l l  sought a  component to  modify n a tiv e  c e l lu lo s e  to  l i n e a r  
c e l lu lo s e  c h a in s . There was no l im i t  to  th e  number o f  Cx components 
w hich m ight be p re se n t to  hydro lyse  th e se  l i n e a r  ch a in s  p r im a r i ly  
to  c e l lo b io s e  and s im i la r ly  a  v a r ie ty  o f  c e l lo b ia s e s  o r^ 3 -g lu c o s id a se s  
m ight be p re se n t to  hydro lyse  c e llo b io se  to  g lu co se .
As s ta t e d  e a r l i e r  W hitaker s tu d ie d  th e  c e l lu la s e  from 
Kyrotheciura v e r ru c a r ia  i n  g re a t  d e ta i l . .  His f i r s t  c o n ce n tra te d
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e f f o r t  on th e  c e l lu la s e  was i n  th e  p e rio d  1953—1957* The re p o r ts  o f  
th e  work a re  co n ta in ed  in  re fe re n c e s  2 5 ,4 5 ,30 ,46 ,47 ,48?32 ,49*  He 
concluded  th a t  th e  d e g ra d a tio n  o f  n a t iv e  c e l lu lo s e  to  g lucose  was 
perform ed hy a s in g le  enzyme. T h is enzyme was o f m o lecu lar w eight
r o o
63»O00 and was c ig a r  shaped, m easuring 20QA hy 33A. The h y d ro ly t ic  
n o tio n  on c e l lu lo s e  was random. The c e l l u l a s e 's  a c t io n  on c e l l o -  
o lig o s a c c h a r id e s  showed t h a t  th e  r a t e  o f  h y d ro ly s is  in c re a se d  w ith  
in c re a s in g  degree o f p o ly m e risa tio n  up to  a  maxi mum o f DP 5 6.
The h y d ro ly s is  p ro ducts  a s  shown hy t h e i r  o p t ic a l  r o t a t io n  a re  
r e le a s e d  w ith  r e te n t io n  o f  c o n f ig u ra tio n .
S ince th e  r e s u l t s  o f  Heese and W hitaker appeared c o n tra d ic to ry  
each  have g iv en  p o s s ib le  e x p la n a tio n  as to  th e  d isc rep an cy  o f  th e  
c e l l u l o l y t i c  system  o f  Kyrothecium v e r r u c a r ia .
Reese (23) s a id  "S ev era l e x p la n a tio n s  a re  p o s s ib le . F i r s t ,  th e  
c o n d itio n s  u n der which th e  organism  i s  grown determ ine th e  r e l a t i v e
amounts o f v a rio u s  -components found i n  th e  medium..................... Perhaps
W h ita k e r 's  grow th c o n d itio n s  le a d  to  a r e l a t i v e  enrichm ent i n  one 
component.. Second, d iv e rse  methods f o r  m easuring a c t i v i t y  a re  
n e ce ssa ry  to  d e te c t  th e  d i f f e r e n t  components. W hitaker used  two 
s u b s t r a te s  ( s o l id  c e l lu lo s e s )  t h a t  may have been too  much a l ik e  to
d e te c t  th e  d if f e r e n c e s  th a t  we have observed .   .........  T h ird ,
enzym atic a c t i v i t y  i s  a more s e n s i t iv e  and r e l i a b l e  d e te rm in an t o f 
hom ogeneity th a n  a re  physicochem ical methods (used by TJ h i t a k e r ) . " 
Today e le c tro p h o r e t ic  and u l t r a c e n t r i f u g a l  d a ta  a re  ta k en  as s tro n g  
in d ic a t io n s  o f hom ogeneity.
W hitaker (50) su ggested  5 reaso n s a s  to  why v a r ia t io n s  i n  
p ro p e r t ie s  cou ld  o rg in a te .  He s a id  " l )  3y th e  fo rm a tio n  o f 
d i f f e r e n t  ty p es  o f  c e l lu la s e s .  2 )  Hy th e  fo rm atio n  o f  enzymes which 
d i f f e r  on ly  i n  a  few f in e  d e t a i l s  o f  p rim ary  s t r u c tu r e .  I n  t h i s
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c a se , th e  d if f e r e n c e s  i n  amino a c id  sequence would have to  g ive  
s u b s ta n t i a l  d if f e r e n c e s  i n  n e t charge o r  shape, 3 ) By exposure to  
c o n d itio n s  which produce enzymes d i f f e r in g  i n  t h e i r  secondary  and 
t e r t i a r y  s t r u c tu r e ....................  4 ) th e  fo rm atio n  o f  s ta b le  com­
p le x e s  w ith  o th e r  m etab o lic  p ro d u c ts  s e c re te d  in to  th e  c u l tu re  
medium. . . . . . . .  5 ) BSy p ro te o ly s is  w ith o u t lo s s  i n  a c t i v i t y .  . . . . . "
Jfooiman ( 5 l )  could  f in d  no d i r e c t  ev idence f o r  a component 
i n  a  c e l l u l o l y t i c  system . S h o r tly  a f t e r  t h i s  Reese (5 2 ) m odified  h is
— Cx th e o iy  to  a  'm u ltip le  Cx th e o ry * • T h is s ta tem e n t ap pears  to  
have gone u n n o ticed  s in c e  subsequen t w orkers s t i l l  r e f e r r e d  to  a
-  Cx system ­
i c  now i t  was c le a r  th a t  th e re  was more th a n  one enzyme
re sp o n s ib le  f o r  th e  d e g ra d a tio n  o f c e l lu lo s e .  I t  was a ls o  e v id e n t 
t h a t  f o r  any m eaningful r e s u l t s  to  be o b ta in ed  th e  c e l lu la s e s  would 
have to  be pure . Any co n tam in a tio n  by a -g lu c o s id a s e  would g ive  
a  com ple tely  f a l s e  p ic tu re  o f th e  mode o f a c t io n  o f  a c e l lu la s e .
A p u r i f ie d  c e l lu la s e  from Irp e x  la c te u s  was o b ta in ed  in  
c r y s t a l l i n e  form by B isizaw a (5 3 ). Bo f u r th e r  in c re a s e  i n  a c t i v i t y  
cou ld  be o b ta in ed  on subsequent r e c r y s t a l l i s a t i o n s  and th e  c e l lu la s e  
was co n sid e red  to  be pu re . The p re p a ra t io n  was a c t iv e  tow ards CKC 
and w ith  j> -n itro  phenyl J3 - c e l lo b io s id e  p r e f e r e n t i a l l y  hydro lysed  th e  
a r y l  g ly c o s id ic  bond.
Toyama (5 4 ) o b ta in ed  a  c r y s t a l l i n e  c e l lu la s e  from Trichoderm a 
k o n in g ii which d id  no t hyd ro lyse  c e l lo b io s e .
F u r th e r  s e p a ra t io n  and p u r i f i c a t io n  o f c e l lu la s e s  from c e l l u lo -  
l y t i o  organism s were c a r r ie d  o u t w ith  s im i la r  r e s u l t s  to  those  
a lre a d y  d isco v e red . A p u r i f ie d  c e l lu la s e  from F o ria  v a i l l a n t i i  
(a  wood r o t t in g  fungus) d id  no t hydro lyse  c e l lo b io s e  and gave on ly  
c e l lo b io s e  as  p ro d u c t on h y d ro ly s is  o f c e l lu lo s e  (55»56).
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I t  was ap p aren t a t  th e  tim e th a t  many enzymes had names which 
o n ly  gave a p a r t i a l  d e s c r ip t io n  o f t h e i r  p o te n t ia l  a s  c a ta ly s t s .  
C e llu la s e s  were no ex cep tio n . Some w orkers had n o tic e d  th a t  p u r i f ie d  
c e l l u l a s e  p re p a ra tio n s  were a h le  to  h y d ro lyse  ^ - 1 , 4  lin k e d  D -xylose 
re s id u e s .  This p ro p e rty  was observed by Grassmann ( l4 ) j  B ishop 
and W hitaker (57 )> Thomas (5 8 ), Kboiman (5 1 ) and Sorensen(59)» I t  
had been observed by Myers and N orthcote (2 4 ) th a t  a  c e l lu la s e  from 
th e  s n a i l  H elix  pom atia d id  n o t hyd ro lyse  ^ 3 -1 ,4  x y lan . I t  must be 
p e r t in e n t  to  a sk  i f  some c e l lu la s e s  hyd ro lyse  x y lan  o r  i f  some 
x y lan ases  hydro lyse  c e l lu lo s e ?
I t  was noted  th a t  th e re  was a d i s t i n c t io n  betw een an a ry l  
-g lu c o s id a se  and a c e l lo b ia s e .  Hash and l in g  (60) o b ta in e d  an 
a r y l  -g lu c o s id a se  from c u l tu re s  o f  Kyrothecium v e r r u c a r ia . The 
enzyme was no t a c e l lo b ia s e .  A s im i la r  enzyme from th e  mycelium 
o f  S trach y b o try s  a t r a  was o b ta in ed  by Y ouatt (61).
At t h i s  tim e th e  term s endo- and exo -c e l lu la s e s  began to  be 
u sed . These term s a ro se  as a r e s u l t  o f  th e  a c t io n  o f v a r io u s  
p u r i f ie d  c e l lu la s e s  on carboxym ethyl c e l lu lo s e .  Rapid d ec rease  i n  
v i s c o s i ty  a s s o c ia te d  w ith  l i t t l e  in c re a se  i n  the amount o f red u c in g  
power i s  in d ic a t iv e  o f random c leavage o f th e  polymer, which in  tu rn  
in d ic a te s  h y d ro ly s is  by endo-c e l lu la s e s .  In c re a se  i n  red u c in g  power 
a s s o c ia te d  w ith  l i t t l e  d ecrease  i n  v i s c o s i ty  in d ic a te s  h y d ro ly s is  o f 
re s id u e s  from th e  end o f  th e  polymer ch a in . This h y d ro ly s is  i s  a 
r e s u l t  o f  e x o -c e l lu la s e s .
Almost a l l  th e  known tech n iq u es  f o r  enzyme p u r i f i c a t io n  up to  
1963 had been employed i n  th e  case o f  c e l l u l o l y t i c  enzymes. However, 
g e l  f i l t r a t i o n  w ith  Sephadex p re p a ra tio n s  o f d i f f e r e n t  ty p es  o f fe re d  
a  means o f s e p a ra t in g  enzymes w ith  l i t t l e  r i s k  o f  d e a c t iv a t io n  and 
was f i r s t  u sed  f o r  c e l l u lo ly t i c  enzymes by P e tte r s s o n  e t  a l .  (62)
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and P e t te r s s o n  and P o ra th  (6 3 ). They f r a c t io n a te d  c e l lu la s e s  from 
th e  fungus Polyporus v e r s ic o lo r . On a ssa y in g  th e  f r a c t io n s  tow ards 
CMC and j> -n itropheny l y3 -j^ -g lucopyranoside th ey  found th a t  th e  
j3 -g lu c o s id a s e  a c t i v i t y  was a s s o c ia te d  w ith  th e  h ig h  m o lecu lar w eight 
component and th e  CKC-ase a c t i v i t y  w ith  th e  low er m o lecu lar w eight 
com ponents. A s im i la r  r e s u l t  was found w ith  c e l lu la s e s  from 
A sp e rg illu s  r i g e r  f r a c t io n a te d  on Sephadex G-100 (6 4 ).
These new tech n iq u es  o f  g e l f i l t r a t i o n  and a ls o  ion-exchange 
chrom atography sparked  o f f  a new wave o f c e l l u l o l y t i c  re se a rc h .
I n  1963 L i and King (6 5 ) f r a c t io n a te d  in d u s t r i a l  c o n c e n tra te s  
from A sp e rg illu s  n ig e r  c u l tu re  f i l t r a t e s .  The f i l t r a t e  was 
f r a c t io n a te d  on Sephadex G-25* DEAE-Sephadex A-25 and a lk a l i - s w o l le n  
column chrom atography to  g ive  8 h ig h ly  p u r i f ie d  f r a c t io n s  w ith  
d i s t i n c t i v e  p ro p e r t ie s .
At t h i s  tim e W hitaker was renew ing an i n t e r e s t  i n  th e  c e l lu la s e  
from Kyrothecium v e r r u c a r ia . A new p u r i f i c a t io n  p rocedure  gave an 
enzyme w ith  a m o lecu lar w eight o f 49*000 (67)* T his c e l lu la s e  was 
c h a r a c te r is e d  by i t s  a c t i v i t y  tow ards m ethyl ^3 - c e l lo -o l ig o s a c c h a r id e s  
(3 1 ) . H is r e s u l t s  a re  summarised in  th e  fo llo w in g  ta b le .
8 6 4S u b s tra te  Enzyme conc. (xlO U) Vmax (xlO l i / l /m in )  Km(*10 II)
M ethyl c e l lo b io s id e  68 < 1 . 1  2#5 -  5*0
M ethyl c e l l o t r i o s id e  68 l l iO .9  8 .5^1* 3
M ethyl c e l l o te t r a o s id e  6 .8  39*2*2.2 4*1^0.5
M ethyl c e llo p e n ta o s id e  1*9 > 3 0  < 3
As can  be seen  Km d e c rea se s  and Vmax in c re a s e s  as  the  DP o f  th e  
s u b s t r a te  i s  in c re a se d  from 3 to  5 . The i n i t i a l  h y d ro ly s is  p ro d u c ts  
o f  m ethyl y3” c e l lo Peirfcaoside in d ic a te d  th a t  th e  i n t e r i o r  b u t no t th e  
te rm in a l l in k a g e s  were hydro lysed  by th e  enzyme.
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The p o s tu la te  o f  Reese cou ld  not "be p u t to  th e  t e s t  a t  t h i s  tim e . 
A lthough c e l l u l o l y t i c  organism s such as Kyrothecium v e r ru c a r ia  and 
S tach y b o tiy s  a t r a  d ig e s te d  n a tiv e  c e l lu lo s e  w ith  ease , i t  was found 
t h a t  c e l l - f r e e  c u l tu re  f i l t r a t e s  showed h ig h  a o t iv i t y  on ly  tow ards 
s o lu b le ,  sw o llen  and p a r t i a l l y  degraded c e l lu lo s e s  (68 , 6 9 ) which 
were known to  he hydro lysed  by Reese*s Cx enzymes. A hopefu l s ig n  
came from th e  d isco v e ry  th a t  f i l t r a t e s  from Kyrothecium v e r r u c a r ia , 
s u i ta b ly  m an ipu la ted , cou ld  produce 30^ > s o lu b i l i s a t i o n  o f c o tto n  ( 70 ). 
However, th e  d isco v e ry  i n  I 964- I 966 th a t  c u l tu re  f i l t r a t e s  from 
o e r t a in  s t r a in s  o f Trichoderm a v i r i d e  and Trichoderm a k o r in g i i
(71»72,73,74>75>76,77) were capab le  o f  e x ten s iv e  h y d ro ly s is  o f  n a tiv e
c e l lu lo s e  made a v a i la b le  to  w orkers in  th e  f i e l d  th e  f u l l  range o f  
enzymes i n  R eese 's  p o s tu la te d  -  Cx system .
H a lliw e l l  (7 6 ,7 7 ) o b ta in ed  com plete s o lu b i l i s a t i o n  o f  c o tto n  
f i b r e s  w ith  q u a n t i ta t iv e  co n v ers io n  to  g lucose  w ith in  19 days by a 
c u l tu r e  f i l t r a t e  from Trichoderm a k o n ir .g ii. Kandels and Reese (71) 
found s im i la r  r e s u l t s  w ith  c e l l - f r e e  p re p a ra t io n s  from Trichoderm a 
v i r i d e . Reese had noted  th e  e x c e p tio n a l a b i l i t y  o f  Trichoderm a 
v i r i d e  to  degrade c e l lu lo s e  as e a r ly  as 1954 (23)* A f te r  re p e a te d  
chromatograms on DEAE-dextrans, liandels and Reese ( 7 l )  succeeded i n  
s e p a ra t in g  components having  C^, Cx a n d ^ -g lu c o s id a s e  a o t iv i t y .  The 
l$ -g lu c o s id a se  appeared v e ry  e a r ly  and com ple te ly  s e p a ra te d  from 
C  ^ and Cx. They assumed C  ^ " to  a c t  i n  a  way to  pe rm it an  in c re a se d  
m o is tu re  u p tak e , h y d ra tin g  th e  c e l lu lo s e  and pushing  a p a r t  the  
o lo s e ly  packed c h a in s ,"  to  make th e  lin k a g e s  a c c e s s ib le  f o r  th e  
a o t io n  o f  th e  h y d ro ly tic  JZ -1« 4-e n d o -g lu can ase .
Two o f  th e  most im p o rtan t papers which have d i r e c te d  c e l lu la s e  
re s e a rc h  from th e  mid 1 960 's  to  th e  p re se n t day were th o se  o f 
L i , F lo ra  and King (73) and Selby and K a itla n d  (78,79)*
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U n til  t h i s  tim e, i n  no in s ta n c e  had i t  heen p o s s ib le  to  s t a r t  
v i t h  a  crude c e l lu la s e  system  capab le  o f com plete h y d ro ly s is  o f 
c r y s t a l l i n e  c e l lu lo s e ,  s e p a ra te  th e  s e v e ra l  components, e s t a b l i s h  
t h e i r  in d iv id u a l  modes o f  a c t io n , and recombine th e  p u r i f ie d  
components so as to  reproduce th e  a c t i v i t y  o f  th e  o r ig in a l  crude 
m a te r ia l .  Only i n  th i s  way, cou ld  no v i t a l  member o f th e  com plete 
enzyme system  have gone u n n o ticed .
T his experim ent was f i r s t  perform ed by L i, F lo ra  and King (7 3 ). 
The s t a r t i n g  enzyme was o b ta in ed  from wheat b ran -saw dust c u l tu re s  o f 
Trichoderm a v i r i d e . The crude enzyme was passed  th rough  an A vicel 
column to  s e p a ra te  th e  component from th e  Cx and y3” g lUC0Bid a se  
components. The d e ta i l s  o f  th e  p u r i f i c a t io n  o f th e  component 
was n o t in c lu d ed  in  th e  p u b lic a t io n . King, (80) however, gave an 
approxim ate m o lecu lar w eight o f  60 ,000 f o r  th e  component. The 
p rim ary  p roduct ( 97fc) o f th e  d e g ra d a tio n  o f n a tiv e  c e l lu lo s e  by th e  
component was c e l lo b io s e . The Cx component and th e  y3 -g lu c o s id a se  
were f r a c t io n a te d  on an a lk a l i  sw o llen  c e l lu lo s e  column. These 
components were f u r th e r  p u r i f ie d  to  g ive an  endo-c e l lu la s e ,  m o lecu lar 
w eight 52*000 and an e x o -c e llu la s e , m o lecu lar w eight 76 , 000.
The fo llo w in g  ta b le  shows th e  p e rcen tag e  a c t i v i t y  o f c e l lu lo s e  
h y d ro ly s is  by p u r i f ie d  components a lone  and i n  com bination  over th e  
c ru d e .
Enzyme P ercen tage  a c t i v i t y  o f  crude
C1 86
e n d o -C e llu la se 6
e x o -C e llu la se 0
+ en d o -C ellu lase 91
C + e x o -C e llu la se 105
C + en d o -C e llu la se 102
+ exo -C e llu la s e
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Selby  and M aitland  (7S>79) perform ed a s im i la r  experim ent on 
o u ltu re  f i l t r a t e s  from Trichoderm a v i r i d e * They found th a t  the  
components e s s e n t ia l  f o r  a t t a c k  on c o tto n  were a carboxym ethyl 
c e l l u la s e ,  a  c e l lo b ia s e  and a th i r d  (C^) component which, u n lik e  
th e  componerat o f L i, F lo ra  and King, had no a c t io n  on CMC, 
c e l lo b io s e  o r  c o tto n . These th re e  components, which to g e th e r  cou ld  
co m p le te ly  co n v ert c o tto n  in to  w a te r-so lu b le  p ro d u c ts , l o s t  t h i s  
a b i l i t y  when s e p a ra te d  and reg a in ed  i t  q u a n t i ta t iv e ly  when recom bined 
i n  t h e i r  o r ig in a l  p ro p o r tio n s . The fo llo w in g  ta b le  shows th e  
a c t i v i t i e s  o f th e  components o f Trichoderm a v i r id e  c e l lu la s e  a lo n e  
and i n  com binations.
Recovery o f  a c t i v i t y  (£ ) tow ards
Component C otton CMC C ellobii
c i 1 .2
0 0
CMC—as e 1 96 0
C ello b ia se 1 0 96
CMC-ase + c e l lo b ia s e 2 96 96
Cx + CMC—as e 35 96 0
C^ + a e l lo b ia s e 20 0 96
C- + CMCase + c e l lo b ia s e 101 96 96
The C^ component was a  g ly c o p ro te in  w ith  c a rb o h y d ra te :p ro te in  
i n  th e  approxim ate r a t i o  1 :1 . I t s  m o lecu lar w eight was approx im ate ly  
61 ,000 . I t  ap p ears  th a t  b o th  s e t s  o f w orkers i s o la te d  th e  same 
component and th a t  th e  d if f e r e n c e  i n  b eh av io u r tow ards n a tiv e  
c e l lu lo s e  can be ex p la in ed  by th e  sy n e rg ic  e f f e c t  o f  C  ^ and Cx 
com ponents. A ooording to  Selby and M aitland  th e  component, when 
h ig h ly  p u r i f ie d ,  i s  no lo n g e r  a b le  to  s o lu b i l i s e  c o tto n  and th a t  
th e  a b i l i t y  o f th e  component o f  L i, F lo ra  and King to  s o lu b i l i s e
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n a tiv e  c e l lu lo s e  i s  due to  a Cx im purity*
The work o f  Selby and M aitland  has been c r i t i c i s e d  "by Wood (8l )
i n  t h a t  t h e i r  a c t i v i t y  tow ards CMC i s  a  v isc o m e tr ic  a ssa y  which would
•not d e te c t  th e  p resence  o f  an exo-c e l lu la s e  component. Where Selhy 
and M aitland  f a i l e d  i n  t h e i r  c h a r a c te r i s a t io n  o f th e  C  ^ component 
was i n  th e  l im ite d  number o f s u b s tr a te s  u sed . Hood and McCrae (8l )  
and  Wood (82) i s o la te d  a  C  ^ component from c u l tu re  f i l t r a t e s  o f 
T richoderm a k o n in g ii . The C  ^ enzyme showed l i t t l e  a c t i v i t y  tow ards 
h ig h ly  o rdered  forms o f c e l lu lo s e .  I t  cou ld  s t i l l  produce red u c in g  
su g a rs  from a  s o lu t io n  o f CMC ( to  a  v e ry  l im ite d  e x te n t ) ,  b u t which
co u ld  n o t d ec rea se  th e  v i s c o s i ty  o f th e  CMC s o lu t io n .  However, th e
component r e a d i ly  degraded phosphoric  a c id -sw o lle n  c e l lu lo s e ,  th e  
p r in c ip a l  p ro d u c t (97/») b e in g  c e l lo b io s e . C e l lo te tra o s e  and 
c e llo h ex a o se  were hydro lysed  a lm ost e x c lu s iv e ly  to  c e l lo b io s e . 
C e l lo t r io s e  and c e llo p e n ta o se  were hydro lysed  to  c e l lo b io s e  and 
g lu c o se . On t h i s  ev idence Hood c a l le d  th e  C  ^ component a y 3 - l , 4 -  
g lu can  c e llo b io h y d ro la se . The sy n e rg ic  e f f e c t  o f components from 
Trichoderm a k o n in g ii was e v id e n t as can be seen  from th e  fo llo w in g  
t a b le .
Enzyme Percen tage  reco v ery  o f c e l lu la s e  a c t i v i t y
c i  4
C i + 15 -g lu c o s id a se  3
C + Cx + f t  -g lu c o s id a se  96
O rig in a l c u l tu re  f i l t r a t e  100
H a lliw e l l  and G r i f f in  (83 ) a ls o  i s o la te d  a  component from 
c u l tu r e s  o f  Trichoderm a k o n in g ii . The enzyme was shown to  a c t  a s  a 
- 1 , 4-g lu c a n  c e llo b io h y d ro la se  on b o th  sim ple and oomplex forms 
o f  n a t iv e  c e l lu lo s e .
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Wood has shown th a t  some s t r a in s  o f Fusarium s o la n i ,  when grown 
u n d e r c e r t a in  c o n d itio n s , produced c u l tu re  f i l t r a t e s  th a t  cou ld  
degrade c o tto n  w ith  th e  same f a c i l i t y  shown hy f i l t r a t e s  o f  
Trichoderm a v i r i d e  and Trichoderm a k o n in g ii. S e p a ra tio n  o f  th e  
c u l tu r e  f i l t r a t e s  produced 3 components e s s e n t ia l  f o r  th e  d e g ra d a tio n  
o f  c e l lu lo s e  (84 )# These were id e n t i f i e d  a s  a  component, a Cx 
component and a  -g lu c o s id a s e . The r e l a t i v e  c e l lu la s e  a c t i v i t i e s  
o f  th e  C^, Cx and yQ -g lu c o s id a se  components o f Fusarium  s o la n i ,  a lo n e  
and i n  com bination  i s  shown i n  th e  ta b le  below.
Selby  (85 ) o b ta in ed  a  m utant s t r a i n  o f  P e n io illiu m  funiculosum  
which was found to  produce a pow erful c e l lu la s e ,  and t h i s  has a ls o
more th a n  2 0 -fo ld  on recom bination  w ith  th e  Cx and th e  c e l lo b ia s e .  
O ther sp e c ie s  which produce a t ru e  c e l lu la s e  system  i n  c u l tu re  
f i l t r a t e s  a re  I rp e x  la c te u s  (86, 87 ), Pusarium  m oniliform e (88 ),
C e l lv ib r io  g ilv u s  ( 9 l )  a ^d Geotrichum candidum (9 2 ), Some o f  th e se  
c e l l u la s e  components have been p u r i f ie d  and in v e s t ig a te d  e x te n s iv e ly .
Enzyme P ercen tage  recovery  o f  c e l lu la s e  a c t i v i t y
3
Cx 6
1
Cx + Cx 50
13
14
81
O rig in a l c u l tu re  f i l t r a t e 100
been  re so lv e d  in to  a  C^ component, a  CMCase and a c e l lo b ia s e .  The 
component had low a c t i v i t y  tow ards c e l lu lo s e  b u t was in c re a se d
Pseudomones f lu o re s c e n s  (89 ), Sporotrichum  pulveru len tum  ( 90 ),
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Trichoderm a v i r i d e  has been  th e  most e x te n s iv e ly  in v e s t ig a te d  
© e l lu lo ly t ic  organism  and s in c e  t h i s  p re s e n t work in v o lv e s  th e  
f r a c t io n a t io n  o f enzymes from a  commercial c e l lu la s e  from Trichoderm a 
v i r i d e  a  l i s t  o f  th e  enzymes i s o la te d  from t h i s  organism  w ith  some 
d e t a i l s  o f  t h e i r  p h y s ica l and enzymic p ro p e r t ie s  i s  g iv en  on pages 
26 to  38. Pages 39 to  42 g ive some d e t a i l s  o f  c e l l u l o l y t i c  enzymes 
i s o l a t e d  from o th e r  sp ec ie s  i n  re c e n t y e a rs . O ther sp e c ie s  which 
have te e n  shown to  c o n ta in  c e l l u lo ly t i c  enzymes in c lu d e  Chryosporium 
lignorum  (111,112), sp e c ie s  o f F lavohacterium  (113), Fomes annob u s  
( i l l ) ,  th e  tomato p la n t  Iycpersicum  esculer.tura (114,115))
P e n ic iI liu m  ro ta tu n  (116), ge rm in a tin g  kidney beans, Phaseolus 
v u lg a r i s  (117 ,118), th e  te rm ite  T rin e rv ite rm e s  tr in e rv o id e 3  (119) 
and ungerm inated seeds o f rye  (120).
A lthough th e  enzymes which a re  re sp o n s ib le  f o r  th e  d e g ra d a tio n  o f 
n a t iv e  c e l lu lo s e  to  g lucose  a re  w e ll c h a ra c te r is e d , th e  ex ac t pathway 
o f  h y d ro ly s is  o f c e l lu lo s e  i s  s t i l l  no t c l e a r .  S ev e ra l workers have 
proposed mechanisms f o r  th e  d e g ra d a tio n  o f n a tiv e  c e l lu lo s e .
Selby ( l 2 l )  s a id  ' I t  i s  re a so n ab le  to  assume th a t  th e  r e g u la r  
a r r a y  o f  m o lecu lar ch ains w i l l  be d is tu rb e d  a t  in te r v a l s  by the  
occu rren ce  o f ch a in  ends, as  shown d iag ram raa tica lly  in  F ig u re  5*
The accompanying d is tu rb a n c e  in  hydrogen bonding betw een ch a in s  in  
th e  v i c i n i t y  o f th e  ch a in  end may bo i n s u f f i c i e n t  to  enab le  Cx, 
a c t in g  a lo n e , to  s p l i t  o f f  s o lu b le  su g a rs , b u t when b o th  components
Figure 5
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Figure 6
a re  p re s e n t, a  s in g le  b o n d -rup tu re  by Cx m ight a llow  th e  hydrogen 
“bonding to  be f u r th e r  d is tu rb e d  by C  ^ w ith  consequent lo o sen in g  o f  a 
s h o r t  le n g th  o f su rfa c e  ch a in , which m ight th en  be s u s c e p tib le  to  
more e x ten s iv e  a t ta c k  by Cx. *.
H isizaw a ( lO l)  s a id  ' I n  view  o f th e  s u b s t r a te  s p e c i f i c i t i e s  o f 
A v ice la se  and CKCase, t h e i r  s y n e r g is t ic  a c t io n  f o r  th e  s o lu b i l i s a t i o n  
o f  c o t to n  f ib r e  may be ex p la in ed  by th e  i l l u s t r a t i o n s  shown in  F ig u re  6 . 
As i s  c l e a r  from the  f ig u r e ,  i t  appears t h a t  A v icelase  and CMCase may 
co rrespond  to  C  ^ and Cx, which i n i t i a t e s  th e  d eg ra d a tio n  o f  n a tiv e  
c e l lu lo s e ,  th e n  C  ^ oan s a c c h a r ify  a c t iv e ly  th e  c e l lu lo s e  fragm ents 
produced by C x .' .
Today th e re  i s  s t i l l  no c le a r  r a t i f i c a t i o n  as to  th e  mechanism 
f o r  th e  d e g ra d a tio n  o f n a tiv e  c e l lu lo s e .  In  a re c e n t p aper Wood (110) 
s a id  'The h y p o th e sis  th a t  th e  a t t a c k  on h ig h ly  o rdered  c e l lu lo s e  i s  
i n i t i a t e d  by a c h a in - s e p a ra t in g  enzyme i s  a t t r a c t i v e ,  b u t d i f f i c u l t  
to  prove o r  d isp ro v e . I t  has some su p p o rt from th e  o b se rv a tio n  th a t
th e  c e l lu lo s e  s u b s tr a te s  th a t  a re  r e f r a c to r y  to  enzymes c l a s s i f i e d  as 
Cx a re  r e a d i ly  a tta c k e d  a f t e r  th e y  have been rendered  more a c c e s s ib le  
by b a l l - m i l l in g ,  sw e llin g , o r  r e p r e c ip i ta t io n  from s o lv e n ts . As 
enzymes a re  no t re q u ire d  f o r  th e  h y d ro ly s is  o f th e se  h ig h ly  h y d ra ted  
s u b s t r a te s ,  th e  argument t h a t  th e se  tre a tm e n ts  have s im u la ted  en­
a c t io n  c le a r ly  has some ap p ea l. However, u n t i l  a c h a in -d isa g g re g a tin g , 
p re h y d ro ly tic  f a c to r  has been i s o la te d ,  t h i s  h y p o th esis  must g ive way, 
f o r  th e  p re s e n t, to  th e  more p la u s ib le  argument th a t  h y d ro ly s is  o f  
,,C T y s ta ll in e ,, c e l lu lo s e  must be d e sc rib e d  i n  term s o f endo- and 
exo -g lu e ara.se a c t i v i t i e s .  *.
W hatever i s  d isco v e red  by fu tu re  work on th e  mechanism o f the  
d e g ra d a tio n  o f c e l lu lo s e ,  th e  s ta tem en t by L i, F lo ra  and King (73) 
t h a t  *The system  as a  whole i s  th e re fo re  not m erely m ultienzym ic by 
happenstance , b u t n e c e s s a r i ly  so f o r  b o th  maximum r a te  o f a t t a c k  on 
n a tiv e  c e l lu lo s e  and f o r  maximum com pleteness o f co n v ersio n  to  
g lu c o s e .* w i l l  always be r e le v a n t .
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S p eo ie s : Trichoderm a v i r id e  Source: Onozuka SS
Enzyme: y3” I» 4 -g lu can  o e llo b io h y d ro la se  EC 3 .2 ,1 .7 4  
I s o la te d  by P e tte rs s o n  e t  a l .  (93, 94 ).
000. C arbohydrate c o n te n t r 9-2£.
Tayptophan 6
Iy c in e 10
H is t id in e 4
A rg in ine 6
A sp a rtic  a c id  + a sp a rag in e 44
Threonine 39
S erin e 41
Glutamio a c id  + g lu tam ine 32
E ro lin e 21
G lycine 45
A lanine 22
H a lf -c y s t in e 16
V aline 17
M ethionine 4
Is o le u c in e 8
Leucine 21
(tyrosine 19
P h en y la lan in e 9
T o ta l 364
I s o - e l e c t r i c  p o in t :  pH 3*79 (lO°C).
Enzymic p r o p e r t ie s :  C ry s ta l l in e  c e l lu lo s e  (A v ice l), phosphoric  a c id -  
sw o llen  A vioel and c e l lo te t r a o s e  were degraded by th e  enzyme and 
i n  each case  th e  p r in c ip a l  p roduct was c e l lo b io s e .  The enzyme 
was capab le  o f  about 805© d e g ra d a tio n  o f  m ic ro c ry s ta l l in e  c e l lu lo s e  
w ith in  72 hours p rov ided  th e  p ro d u c ts  (m ainly o e l lo b io s e )  were
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c o n tin u o u s ly  removed. Ho a c t i v i t y  was found tow ards carboxy- 
n e th y l  c e l lu lo s e ,  n o r was th e re  any y3  —g lu co s id ase  a c t i v i t y .  
Optimum pH: 4*8. Enzyme com pletely  den a tu red  a f t e r  3—m inute 
in c u b a t io n  a t  78°C.
S p e c ie s : Trichoderm a v i r id e  S ource: K e ice la se  P.
Enzyme: ^ 0 — 1, 4-g lu c a n  c e llo b io h y d ro la se  
I s o la t e d  by Gum J r .  and Brown J r .  (95)*
P h y s ic a l p r o p e r t ie s :  M.W. 48 , 400 . C arbohydrate c o n te n t :  11 .3^ .
Amino a c id  com position : Tryptophan 13
Iy c in e  10
H is tid in e  4
A rg in ine  6
A sp a rtic  a c id  + a sp a rag in e  47
Threonine 42
S e rin e  43
Glutamio a c id  + g lu tam ine 27
P ro lin e  21
G lycine 46
A lan ine 26
H a lf -c y s t in e  16
V alin e  16
M ethionine 2
Is o le u c in e  7
Leucine 21
(ty rosine  17
P h en y la lan in e  11
T o ta l 377
Enzymic p r o p e r t ie s :  The enzyme degraded b o th  c r y s t a l l i n e  c e l lu lo s e  
phosphoric  ac id —sw ollen  c e l lu lo s e  to  c e l lo b io s e .
-  28 -
S p e c ie s : Trichoderm a v i r id e  Source: Comm* Kycol, I n s t . ,  Kew,
Surrey . S t r a in  92 027.
Enzyme: *0^ '  component.
I s o la te d  "by Selby and M aitland  (78, 79 ) .
P h y s ic a l p r o p e r t ie s :  M.W. 61,000. C arbohydrate c o n te n t:  50^*
Enzymic p r o p e r t ie s :  The enzyme had no a c t i v i t y  tow ards c o tto n , CMC 
o r  c e l lo b io s e . The enzyme was e s s e n t ia l  f o r  th e  d e g ra d a tio n  
o f  n a tiv e  c e l lu lo s e  i n  c o n ju n c tio n  w ith  e i t h e r  Cx o r  ^ J -g lu o o -  
s id a s e  components.
S p e c ie s : Trichoderm a v i r id e  Source: Wheat b ran -saw dust c u l tu re s
as  d e sc r ib e d  by Toyama (104 ).
Enzyme: *C^' component.
I s o la te d  by L i, F lo ra  and King (73)*
P h y s ic a l p r o p e r t ie s :  M.W. 60 ,000.
Enzymic p r o p e r t ie s :  The enzyme was a o tiv e  tow ards n a tiv e  c e l lu lo s e ,  
th e  main p roduct b e in g  c e l lo b io s e .
S p e c ie s : Triohoderma v i r i d e  Source: Onozuka.
Enzyme: 1A v ic e la se '
I s o la te d  by H isizaw a e t  a l . ( lO l) .
P h y s ic a l p r o p e r t ie s :  M.W. 53,000. I s o - e l e c t r i c  p o in t :  pH 4 .2 .
Enzymic p r o p e r t ie s :  The enzyme was a c t iv e  tow ards c r y s t a l l i n e  c e l lu lo s e  
g iv in g  c e l lo b io s e  as  s o le  p ro d u c t. The enzyme a ls o  had some 
a c t i v i t y  tow ards CMC, th e  r a t i o  o f  A v ice lase  to  CKCase a o t iv i t y  
was 1 8 :1 .
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S p e c ie s : Trichoderma v i r i d e  S ource: K e ice la se .
Enzyme: -1 ,4 -g lu c a n  g lucanohydro lase  EC 3 * 2 .1 .4
I s o la t e d  by Okada (96 ,97).
P h y s ic a l p r o p e r t ie s :  M.W. 30,000, C arbohydrate c o n te n t:  12-14$,
Enzymic p r o p e r t ie s :  The enzyme hydro lysed  c e l l u lo ly t i c  s u b s t r a te s  i n  
th e  o rd e r  CKC> f i l t e r  p a p e r > A v ic e l> c o tto n . The M ich a e lis -  
Menten c o n s ta n ts  w ith  c e l lo -o lig o s a c c h a r id e s  as  s u b s t r a te  a re  
shown below.
S u b s tra te
°3 °4 °5 G6
Km (x104H) 0 .4 1 .5 3-3
Vmaz ( u n i t s ) — 3*3 1 0 .0 31*8
On h y d ro ly s is  th ey S  -g ly c o s id ic  lin k a g e  o f  th e  s u b s t r a te  was 
r e ta in e d .  On in c u b a tio n  w ith  j> -n itro p h e ry l p  - c e l lo b io s id e  
o r  w ith  c e l lo b io s e  tr a n s g ly c o s y la t io n  p ro d u c ts  were observed . 
Optimum pH: 4*5”5*0. Enzyme re ta in e d  27$ o f  i t s  a c t i v i t y  a f t e r  
h e a tin g  a t  100°C f o r  10 m inu tes.
S p e c ie s : Trichoderm a v i r i d e  Source: L leice lase ,
Enzyme: p  — 1, 4-g lu c a n  g lucanohydro lase  EC 3 * 2 .1 ,4
I s o la t e d  by Okada (96,97)*
P h y s ic a l p r o p e r t ie s :  H,W. 43 ,000, C arbohydrate c o n te n t:  12-14$, 
Enzymic p r o p e r t ie s :  The enzyme hydro lysed  c e l l u l o l y t i c  s u b s t r a te s  i n  
th e  o rd e r  C I* lC > filter p a p e r> A v ic e l> c o tto ru  The M ich a e lis -  
Menten c o n s ta n ts  w ith  c e l lo -o lig o s a c c h a r id e s  as  s u b s t r a te  a re  
shown below.
S u b s tra te
°3 °4 Gf> G6
Km (x 1 0 4M) 16 .3 4*2 2 .8 4*6
Tmaz ( u n i t s ) 5*4 9*3 11*3 2 2 . 9
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On h y d ro ly s is  th e  j i  -g ly c o s id e  lin k a g e  o f  th e  s u b s t r a te  was 
re ta in ed *  On in c u b a tio n  w ith  j> -n itro  phenyl y3 —c e llo b io s id e  o r  
w ith  c e l lo b io s e  tra n s g ly c o s y la t io n  p ro ducts  were observed*
Optimum pH: 4 * 5 -5 .0* Enzyme re ta in e d  41$ o f i t s  a c t i v i t y  a f t e r  
h e a tin g  a t  100°C f o r  10 minutes*
S p e c ie s : Trichoderm a v i r i d e  Source: M eicelase*
Enzyme: - 1, 4 -g lu can  g lucanohydro lase  EC 3*2 .1*4
I s o la te d  by Okada (98)*
P h y s ic a l p r o p e r t ie s :  M.¥. 45*000*
Enzymic p ro p e r t ie s :  The enzyme hydro lysed  CMC in  a  l e s s  random
random fa sh io n  th a n  th e  two p rev ious endo-c e l lu la s e s  i s o la te d  
by Okada* The M ichaelis-M enten c o n s ta n ts  w ith  c e l lo -o lig o s a c c h a r id e s  
a s  s u b s tr a te  a re  shown below.
S u b s tra te
°3 °4 °5 °6
Kin (xlO4!!) 29 .4 6*7 5 .6 4 .5
Vmax ( u n i t s ) 8 .6 14 .8 4 4 .3 55 .3
On h y d ro ly s is  they3  -g ly c o s id ic  lin k a g e  o f  th e  s u b s t r a te  was 
re ta in ed *  The enzyme p r e f e r e n t i a l ly  a tta c k e d  th e  aglycone 
l in k a g e  o f  j^ -n itropheny ly3  —c e llo b io s id e *  I t  a ls o  c a ta ly s e d  
th e  ra p id  sy n th e s is  o f  c e l lo te t r a o s e  from c e llo b io s e .
Optimum pH: 4*5-5*0. Optimum tem p e ra tu re : 50°C. Enzyme 
r e ta in e d  40$ o f i t s  o r ig in a l  a c t i v i t y  a f t e r  h e a tin g  a t  100°C 
f o r  10 m inutes*
S p e c ie s : Trichoderm a v i r i d e  S o u rce : Onozuka SS
Enzyme: ^  - 1 , 4-g lu c a n  g lu canohydro lase  EC 3.2* 1*4
I s o la te d  by P e tte rs s o n  e t  a l .  (99)*
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P h y s ic a l p ro p e r t ie s : :  M.W. 12 ,500. C arbohydrate c o n te n t:  21$.
I s o - e l e c t r i c  p o in t :  pH 4 .6 0  (lO °C).
Enzymic p r o p e r t ie s :  The enzyme hydro lysed  CMC and was a c t iv e  i n
r e le a s in g  f r e e  f ib r e s  from f i l t e r  paper. The enzyme had l i t t l e  
e f f e c t  on n a tiv e  c e l lu lo s e .
S p e c ie s : Trichoderm a v i r i d e  S o urce : Onoszuka SS.
Enzyme: -1 ,4 -g lu c a n  g lucanohydro lase  EC 3 .2 .1 .4
I s o la te d  by P e t te r s s o n  e t  a l . ( 99 ).
P h y s ic a l p r o p e r t ie s :  M.W. 50*000. C arbohydrate c o n te n t :  12$.
I s o - e l e c t r i c  p o in t:  pH 3*39*
Enzymic p r o p e r t ie s :  The enzyme hydro lysed  CMC and was a c t iv e  i n
r e le a s in g  f r e e  f ib r e s  from f i l t e r  paper. The enzyme had l i t t l e  
e f f e c t  on n a tiv e  c e l lu lo s e .
S p e c ie s : Trichoderm a v i r i d e  Source: Comm. Mycol. I n s t . ,  Kev,
S u rrey . S t r a in  92 027. 
Enzyme :y 3 -l* 4 -g lu c an  g lucanohydro lase  EC 3*2 .1 .4
I s o la t e d  by Selby and M aitland  (78,79)*
P h y s ic a l p r o p e r t ie s :  M.W. 12,600.
Enzymic p r o p e r t i e s : The enzyme was a c t iv e  tow ards CMC.
S p e c ie s : Trichoderm a v i r i d e  Source: Wheat b ran -saw dust c u l tu re s
a s  d e sc r ib e d  by Toyama (104).
Enzyme: yg - 1 ,  4-g lu c a n  g lucanohydro lase  
I s o la te d  by L i, F lo ra  and King (73)*
P h y s ic a l p r o p e r t ie s :  M.W. 52*000.
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Amino a c id  com position : Tryptophan —
Iy c in e  12
H is tid in e  9
A rg in ine  15
A sp a rtic  a c id  74
Threonine 44
S erin e  40
Glutamic a c id  46
P ro lin e  21
G lycine 62
A lan ine 46
H a lf -c y s t in e  0-1
V aline  30
M ethionine 2
Is o le u c in e  30
Leucine 36
ly ro s in e  17
P heny la lan in e  18
Enzymic p r o p e r t ie s :  The enzyme was a c t iv e  towards CMC. The K ic h a e lis -  
Menten c o n s ta n t Kin w ith  c e llo -o lig o s a c c h a r id e s  as s u b s t r a te  a re  
shown below.
S u b s tra te
°2 °3 °4 °5 °6
En (i 104M) 190 31 28 7 .0  1 .0
The lo c a t io n  o f  th e  g ly co sy l bonds most s u s c e p tib le  to  a t t a c k
was determ ined  by u s in g  reduced c e llo p e n ta o se  (4 - 0 - te t r a - y 3 -1 * 4 -
g lu o o sy l-J^ -so rb ito l)  a s  s u b s t r a te .  The r e l a t i v e  fre q u e n c ie s  o f
a t t a c k  a t  th e  4 g ly c o sy l bonds s t a r t i n g  from th e  non-reduc ing
end were 1 s 3*2 : 2 8 .8  : 2 .2 .
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Optimum pH: With amorphous c e l lu lo s e ,  b road  p la te a u  4 * 0 -5 .0 .
V ith  CMC, sh a rp  optimum a t  5*3*
An A rrhen ius p lo t  from 10° to  57°0 w ith  amorphous c e l lu lo s e  
gave a  l i n e a r  r e la t io n s h ip  w ith  a  c a lc u la te d  a c t iv a t io n  energy 
o f  mole \  The A rrhen ius p lo t  w ith  CMC in d ic a te d  an
a c t iv a t io n  energy o f 6 .4K cal mole ^ from 37° to  60°C. Below 
37°C th e re  was an  ab ru p t change to  l6 .7 K ca l mole” ^. T his r e f l e c t s  
a  phase change from a  s o lu t io n  to  a  g e l .
S p e c ie s : TrichodeTma v i r i d e  S o u rce : Onozuka P.
Enzyme: y3 -1 ,4 -g Iu c a n  c e llo b io h y d ro la se  and 
^ - 1 ,4 - g l u c a n  g lu cohydro lase
I s o la te d  by S h ik a ta  and lasizaw a  (lOO).
P h y s ic a l p r o p e r t ie s :  K.W. 53*000. C arbohydrate c o n te n t:  4*8$*
Enzymic p r o p e r t ie s :  The enzyme caused an  in c re a s e  in  red u c in g  power
o f  CMC w ith o u t n o tic e a b le  d ec rea se  in  v i s c o s i ty .  The main p roduct 
o f  h y d ro ly s is  was c e l lo b io s e  and th e  r e a t io n  s topped  a t  n e a r ly  
25$ h y d ro ly s is  o f  CMC. The enzyme i s  an  ex o -ty p e . With c e l lo ­
b io s e  o r  reduced c e l l o t r i o s e  th e  enzyme resem bled a j 3 -g lu c o s id a se . 
The enzyme a ls o  a tta c k e d  x y la n  removing x y lo b io se  re s id u e s  one 
by one. H ydro lysis  o f j> -n itropheny l J 3 - c e l lo b io s id e  proceeded 
s tep w ise  in d ic a t in g  th a t  th e  enzyme was a c t in g  as a -g lu c o s id a se , 
I n  c o n t r a s t  to  o th e r  ^ - 1 ,4 - g l u c a n  c e llo b io h y d ro la se s  th e  enzyme 
h^fl no a c t i v i t y  tow ards v a r io u s  k inds o f  in s o lu b le  c e l lu lo s e .  
Optimum pH* 4 * 5 -5 .0 . The enzyme was s ta b le  up to  60°C a f t e r  
whioh th e  a c t i v i t y  was ra p id ly  l o s t .
S p e c ie s : Trichoderm a v i r i d e  S o u rce : Onozuka.
E n z y m e : - 1 ,4 - g l u c a n  g lucanohydro lase  EC 3*2 .1 .4
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I s o la te d  by N isizawa e t  a l . ( lO l) .
P h y s ic a l p r o p e r t ie s :  M.W. 44,000.
Enzymio p r o p e r t ie s :  The enzyme hydrolysed  CMC and A vicel v e ry  s l i g h t ly .  
The r a t i o  o f  A v icelase  to  CMCase a c t i v i t y  was le s s  th a n  0 .1 . The 
h y d ro ly s is  o f  CMC was random.
S p ec ies : Trichoderm a v i r id e  Source: W orthington B iochem ical Co. 
Enzyme: ^  -1 ,4 -g lu c a n  c e llo b io h y d ro la se  
I s o la te d  by Maguire (154)•
P h y s ic a l p ro p e r t ie s :  M.W. 44*000.
Enzymic p ro p e r t ie s :  The enzyme d id  no t hydro lyse  CMC o r p - n i t r o -  
phenyl yg -^ -g lu c o p y ran o s id e . R eaction  w ith  c e l lu lo s e  f ib r e  gave 
m ainly c e l lo b io s e  as p roduct (96 -97$ ). The k in e t ic s  o f r e a c t io n  o f 
th e  enzyme w ith  th e  in s o lu b le  s u b s tr a te  were c a r r ie d  out and i t  was 
shown th a t  th e  i n i t i a l  r a t e  o f r e a c t io n  v a r ie d  d i r e c t ly  w ith  th e  
su rfa c e  a re a  o f  th e  c e l lu lo s e  when th e  enzyme c o n c e n tra tio n  i s  la rg e .
The a s s o c ia t io n  co n s ta n t fo r  ad so rp tio n  was c a lc u la te d  to  be 
1 .1 9  x  lO4*- ' *■. C e llo b io se  was found to  in h ib i t  th e  r e a c t io n .
Optimum pH: 5*2. The energy o f a c t iv a t io n  o f th e  o v e ra l l  r e a c t io n  
between 5 and 60°C was 5*3 K cal.m ole
S p ec ies : Trichoderm a v i r id e  Source: Enzyme Development C o rp .,
New York, N.Y. Lot No. WR1432.
Enzymes: 3 C e llo b ia se s  
I s o la te d  by Gong e t  a l .  (155)*
P h y s ic a l p ro p e r t ie s :  M.W. 76 ,000.
Enzymic p ro p e r t ie s  : Three ch ro m ato g rap h ica lly  d i s t i n c t  c e l lo b ia s e s  
had s im ila r  k in e t ic  p r o p e r t ie s .  They hydro lysed  c e l lo b io s e  to  g lucose 
v ia  a  noncom petitive  mechanism and were s u b je c t to  s ig n i f i c a n t  p roduct 
i n h ib i t i o n .
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S p e c ie s : Trichoderma v i r i d e  Source: Onozulca SS.
Enzyme: ^ - G lu c o s id a s e  EC 3 .2 .1 .2 1
I s o la te d  by Berghem and P e tte rs s o n  (102).
P h y s ic a l p r o p e r t ie s :  M.W. 47 ,000 .
Amino a c id  com position : Tryptophan
No carb o h y d ra te  p re s e n t .
10
Iy c in e 14
H is t id in e 6
A rg in ine 16
A sp a rtic  a c id  + a sp a rag in e 58
Threonine 33
S e rin e 38
Glutamio a c id  + g lu tam ine 31
P ro lin e 26
G lycine 50
A lan ine 47
H a lf -c y s t in e 6
V aline 38
M ethionine 6
Is o le u c in e 22
Leucine 33
5tyrosine 16
P h en y la lan in e 12
T o ta l 462
I s o - e l e c t r i c  p o in t :  pH 5*74 (lO°C).
Enzymic p r o p e r t ie s :  No a c t i v i t y  was found tow ards A vicel o r  CMC.
The M ichaelis-M enten c o n s ta n ts  f o r  th e  re a c t io n s  w ith  c e l lo b io s e ,  
c e l l o te t r a o s e  a n i  j> -n itropheny l -D -g lu copyranoside  (PNPGj^) a re
shown below.
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S u b s tra te
°2 °4 PNK31 
Kn (lie's!) 15 3.5 2.8
Vmax ( m ol.m in .mg- 1 ) 33 19 32,200
The enzyme a c t i v i t y  was in h ib i te d  a t  h ig h  c o n c e n tra tio n s  o f  
c e l lo b io s e  and c e l lo te t r a o s e .
S p e c ie s : Trichoderm a v i r i d e  Source: Wheat b ra n -sav d u s t c u l tu re s
as  d e sc rib e d  by Toyama(104).
E n zy m e:^3 -G lucosidase  EC 3*2.1 .21
I s o la te d  by L i, F lo ra  and King (73)#
P h y s ic a l p r o p e r t ie s :  K.W. 76,600. C arbohydrate c o n te n t:  0-2$.
Amino a c id  com position : Tryptophan -
ly c in e  14
H is t id in e  7
A rg in ine  16
A sp a rtic  a c id  65
Threonine 38
S e rin e  46
Olutamio a c id  35
P ro lin e  34
G lycine 55
A lanine 50
H a lf -c y s t in e  3
V alin e  25
M ethionine 5
Iso le u o in e  21
Leucine 32
^tyrosine 18
P h en y la lan in e  19
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Enzymic p r o p e r t ie s :  A ll o f  1 3 y0 — glucosid.es were hyd ro ly sed  in c lu d in g  
6 a iy l^ Q -g lu c o s id e s ,  ^ 3 - 1 ,2 ,  ^ 3 - 1 ,3 ,  / 3 - l , 4  a n d 1, 6 d i ­
s a c c h a r id e s  o f g lucose , ce llo h ex ao se , c e l lo b io n ic  a c id , CMC 
and /3 -1 ,3 -g lu c a n . No OC-gl'ucosyl bonds were hyd ro lysed , n o r 
w ere yQ -1,2 and ^ J - l ,6 - g lu c a n s .  The K ich ae lis -H en ten  c o n s ta n t, Kn 
w ith  c e l lo -o lig o s a c c h a r id e s  a s  s u b s t r a te s  i s  shown below.
°2 °3 °4 °5 °6
Kn (xlc/Sl) 22 1 .8  O.65 0.60 1.6
The h y d ro ly s is  o f th e  s u b s t r a te s  re le a s e d  g lu co se  predom inantly
i n  th e  O C -co n fig u ra tio n . With reduced c e llo p e n ta o se  i t  was shown
t h a t  th e  enzyme removed su cc e ss iv e  g lu c o sy l re s id u e s  from th e
n o n -reduc ing  end o f th e  polym er ch a in . C a ta ly t ic  numbers f o r
j> -n itro p h en y l ^3 -D -g lu co sid e  , c e l l o t r i o s e ,  c e l lo b io s e  and
CMC were 1320, 676, 397 and 301 m oles/m in/m icrom ole o f enzyme,
r e s p e c t iv e ly .
Optimum pH: 4*9* A rrhen ius p lo ts  in d ic a te d  a c t iv a t io n  e n e rg ie s  
o f  6*54Kcal mole*”^  f o r  c e l lo te t r a o s e  and 7*20Kbal mole” ^ f o r  
carboxym ethyl c e l lu lo s e .  A f te r  3 m inutes in c u b a tio n  th e  reco v ery  
o f  a c t i v i t y  was 17$*
S p ec ie s : Trichoderm a v i r id e  Source: W orthington B iochem ical Co.
Enzyme: C e llo b ia se  EC 3 .2 .1 .2 1
I s o la te d  by Maguire (153)*
P h y s ic a l p ro p e r t ie s :  M.W. 45 ,000.
Enzymic p ro p e r t ie s :  The enzyme hydro lysed  c e l lo b io s e  and j ) - n i t r o -  
p h e n y l  y 3 -^ -g lu c o p y ra n o s id e . The M ichaelis-M enten  param ete rs
a re  g iven  in  th e  fo llo w in g  ta b le .
C e llo b io se  jo -n itro p h en y l g lu co sid e
Km (xlO~^M) 2 .68  0 .334
Vmax (x10~6Ms"1) 1.24 0.843
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S p ec ies  i Triohoderma v i r id e  S ou rce : K e ice la se .
E n z y m e : - l ,4 - 3 c y la n  xy lanohydro lase  EC 3 .2 .1 .8
I s o la te d  by Hashimoto, Muramatsu and Funatsu  (103).
P h y s ic a l p r o p e r t i e s : K.W. no t g iven . The enzyme was c r y s t a l l i s e d  
and th e  c r y s ta l s  show a th in  rhombic shape.
Enzymic p r o e r t i e s :  The enzyme hydrolysed  so lu b le  x y lan  and g ly c o l 
x y lan . In so lu b le  x y lan  was no t hydro lysed .
Optimum pH: 3*-9*
Optimum tem p era tu re : 50°C. The enzyme was s ta b le  up to  40°C 
a f t e r  which th e  a o t iv i ty  r a p id ly  f e l l  o f f .
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S p ec ies  : I rp e x  la c te u s  (Polyoorus ~tuli p i f e ra e  ). S ou rce : Own c u l tu re s  
Enzyme* A v ic e la se*
I s o la te d  by Kanda, Wakabayashi and M sizaw a (105).
P h y s ic a l p ro p e r tie s*  M.W. 56,000. C arbohydrate c o n te n t :  12. 2$.
The amino a c id  com position  i s  l i s t e d .
Enzymic p ro p e r tie s *  The enzyme hydrolysed  in s o lu b le  c e l lu lo s e ,  CMC and
c e l lo -o l ig o s a c c h a r id e s .  The main p roduct i n  a l l  c ases  was c e l lo b io s e .  
But w ith  j> -rd tro p h e ry l ^ 3 —c e llo b io s id e  equal amounts o f  g lucose  
and c e llo b io s e  were produced.
Optimum pH* 4*G-5»0* Optimum tem perature*  50°C.
S p e c ie s : I rp e x  la c te u s  (P olyooras t u l i p j f e r a e ). Source: Own c u l tu re s  
Enzyme s * A v icelase  *
I s o la te d  by Kanda, Vakabayashi and Idsizaw a (105 ,106).
P h y s ic a l p ro p e r tie s*  M.W. 7*700.
Enzymic p ro p e rtie s* . The enzyme hydro lysed  in s o lu b le  c e l lu lo s e  and CMC.
S pecies*  I rp e x  la c te u s  (Polyporus t u l i p i f e r a e ). Source: Own c u l tu re s  
E nzym e*y(3-1,4-glucan g lucanohydro lase  EC 3#2 .1 .4
y 3 - l ,4 - 2 y l an xy lanohydro lase  EC 3 .2 .1 .8
I s o la te d  by Kanda, Vakabayashi and Idsizaw a (105 ,106).
P h y s ic a l p r o p e r t ie s :  M.W. 35*600.
Enzymic p ro p e r tie s*  The enzyme hydrolysed  b o th  carbo^/m ethy l c e l lu lo s e  
and x y lan . K in e tic  experim ents showed co m p etitiv e  in h ib i t i o n  
betw een CMC and x y lan  and i t  appeared th a t  th e  sane a c t iv e  s i t e  
o f  th e  p ro te in  c a ta ly s e s  th e  h y d ro ly s is  o f  CMC and x y lan .
The enzyme, when mixed w ith  e i t h e r  o f th e  above A v ice la ses  
showed rem arkable sy n e rg ic  a c t io n .
Optimum pH* 4 .0 - 5 .0 .  Optimum tem peratu re*  40°C.
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S p e c ie s : Fusarim n m oniliform e Source: Own c u l tu re s .
Enzyme: C e llu la se
I s o la te d  by Matsumoto e t  a l .  (88).
P h y s ic a l p r o p e r t ie s :  M.W. 25,000. Carbohydrate c o n te n t:  26%
Enzymic p r o p e r t ie s :  The enzyme hydrolysed c e l l u lo ly t i c  s u b s t r a te s  in  
th e  o rd e r  f i l t e r  pap er» C M C > A v ice l.
Optimum pH: 4*5. Optimum tem p era tu re : 60°C. H alf th e
a c t i v i t y  was l o s t  on h e a tin g  f o r  30 m inutes a t  80°C.
S p e c ie s : Sporotriehum  pulverulentum  Souroe: Royal C ollege o f
F o re s try , Stockholm. 
Enzymes* F ive  j i  -1 ,4 -g lu c a n  g lucanohydro lase  EC 3*2 .1 .4  
I s o la te d  by E rik sso n  and P e tte rs so n  (107).
P h y s ic a l p r o p e r t ie s :  X* W. C arbohydrate co n ten t I s o - e l e c t r i c  p t .
32.300 10 .5^  pH 5.32
36,700 Of pH 4 .72
28.300 7 .8 £  pH 4 .4 0
37,500 4*7# pH 4 .65
37,000 2 .2 $  pH 4 .2 0
. The amino a c id  com position  f o r  each enzyme i s  l i s t e d .
Enzymic p r o p e r t ie s :  The a c t i v i t i e s  o f th e  f iv e  enzymes tow ards CMC 
a re  i n  th e  r a t i o  4 : 1 : 1 : 1 * 1 re s p e c t iv e ly .
S p e c ie s : S p o ro trich u n  pulverulentum  Source: Royal C ollege o f  F o re s try ,
Stockholm.
Enzyme *yQ-l, 4 -g lu can  ce llo b io h y d ro la se  
I s o la te d  by E rik sso n  and P e tte rs so n  (90 ,108).
P h y s ic a l p r o p e r t ie s :  K.W. 48,600. C arbohydrate c o n te n t:  Of.
The amino a c id  com position  i s  l i s t e d .
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Enzymic p r o p e r t ie s :  The enzyme m ainly produces c e l lo h io s e  "by an
end-w ise  a t t a c k  a t  th e  non-reducing  end o f  c e l lu lo s e  and h ig h e r  
o lig o s a c c h a r id e s . A s tro n g  s y n e r g is t i c  response  was observed  
“between th e  f iv e  endo-1 ,4 -g lu c a n ase s  and th e  e x o - l,4 -g lu c a n a se  
when th e se  enzymes were a llow ed to  degrade de-waxed c o tto n  and 
A v ic e l. Ho synergism  was observed i f  phosphoric  a c id -sw o lle n  
was u sed . The exo-1, A-ji3 -g lu c a n ase  re le a s e d  i t s  p ro ducts  i n  th e  
OC—c o n f ig u ra tio n .
S p e c ie s : Qeotrichum candidum ( s t r a i n  3S) S ource: Own c u l tu re s
Enzyme: component
I s o la te d  by Rodionava e t  a l .  (92 ).
P h y s ic a l p r o p e r t ie s :  K.W. 64*600.
Enzymic p r o p e r t ie s :  The enzyme had no a c t i v i t y  on c o tto n  f ib r e  b u t 
hyd ro lysed  f i l t e r  pap er.
Optimum pH: a c e ta te  b u f f e r ,  4*0$ c i t r a te /p h o s p h a te  b u f fe r ,  5*0.
S p e c ie s : Geotrichum candidum ( s t r a i n  3S) Source: Own c u l tu re s .
Enzyme: ^3-1 ,4 -g lu c a n  g lucanohydro lase  EC 3 *2 .1 .4
I s o la te d  by Rodionova e t  a l . (92 ).
P h y s ic a l p r o p e r t ie s :  M.W. 51*700.
Enzymic p r o p e r t ie s :  The enzyme hydro lysed  CMC.
Optimum pH: a c e ta te  b u f f e r ,  4*0; c i t r a te /p h o s p h a te  b u f fe r ,  3*5* 
The s e p a ra te  and Cx enzymes d id  no t a c t  on c o tto n  f ib r e  even 
a f t e r  p ro longed in c u b a tio n  o f h igh  c o n c e n tra tio n s  o f th e  enzyme 
w ith  th e  s u b s t r a te  a f t e r  20 days. With th e  j o i n t  u se  o f  C^, Cx 
and a  c e l lo b ia s e  th e re  was an  alm ost t o t a l  c leavage  o f c o tto n  
f i b r e  to  g lucose  i n  5-6  days.
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S p e c ie s : A sp e rg illu s  n ig e r  Source: Sigma Chemical Co.
Enzyme: A - l> 4 -g lu c a n  g lucanohydro lase  EC 3 .2 .1 .4
I s o la te d  by H urst e t  a l . (109).
P h y s ic a l p r o p e r t ie s :  H.W. 26 ,000 . C arbohydrate o o n te n t:  ($•
The amino a c id  com position  i s  l i s t e d .
Enzymic p r o p e r t ie s :  The enzyme was a o tiv e  tow ards CMC b u t not tow ards 
j£ -n itro p h en y l -B -g lu co s id e  o r  c e l lo b io s e .  K in e tic  s tu d ie s  
gave pK v a lu es  between 4*2 and 5*3 f o r  groups in v o lv ed  in  th e  
enzyme—s u b s tr a te  complex.
Optimum pH: 3 .8 -4*0 . Optimum te m p e ra tu re : 45°C.
S p e c ie s : Fusarium  s o la n i  Source: F . s o la n i  I .M .I .  95994
Enzyme: C  ^ component.
I s o la te d  by Vood and McCrae ( l lO ) .
P h y s ic a l p r o p e r t ie s :  M.W. 41*000.
Enzymic p r o p e r t ie s :  The p u r i f ie d  enzyme showed l i t t l e  o a p a c ity  f o r  
h y d ro ly s in g  A vicel o r  c o tto n  f i b r e ,  b u t phosphoric  a c id -sw o lle n  
o e l lu lo s e  and so lu b le  c e l lo -o lig o s a c c h a r id e s  such as  c e l lo te t r a o s e  
and c e llo h ex a o se , were r e a d i ly  h y d ro lysed ; c e l lo b io s e  was th e  
p r in c ip a l  p roduct i n  each ca se . The h y d ro ly s is  o f  CMC was 
minimal and ceased  a f t e r  th e  removal o f  a  few u n s u b s ti tu te d  
re s id u e s  from th e  end o f  th e  ch a in . These f a c t s  in d ic a te  th a t
th e  C  ^ component i s  a -1 ,4 -g lu c a n  c e llo b io h y d ro la se .
S ynerg ic  a c t io n  was found on com bination  o f th e  enzyme w ith  Cx 
components i n  th e  s o lu b i l i s a t i o n  o f  c o tto n  f i b r e .
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PREPARATIVE EXPERIMENTAL
G eneral
M eltin g  p o in ts  were reco rd ed  on a K b fle r-R e ic h e rt h o t s ta g e  
m e ltin g  p o in t ap p a ra tu s  and a l l  a re  u n c o rre c ted .
IR  S p ec tra  were ru n  on a P e rk in  Elmer 151 sp ec tro p h o to m ete r. 
UV S p ec tra  were reco rded  on a  Unicam SP800 sp ec tro p h o to m ete r. 
B£R S p ec tra  were run  on e i t h e r  a  V arian  T60 sp ec tro m e te r, 
V a rian  HA 100MHz sp ec tro m e te r o r  a  V arian  XL-100 EMR sp ec tro m e te r 
w ith  VFT-100 F o u r ie r  tran sfo rm  accesso ry .
Carbon-13 K<IR s p e c tra  were recorded  on th e  V arian  XL-100 EMR 
sp ec tro m e te r  w ith  th e  VFT-100 F o u r ie r  tran sfo rm  acc e sso ry .
O p tica l ro ta t io n s  were measured on a P erk in  Elmer 141 
P o la r im e te r .
E lem ental an a ly se s  were determ ined  by Mrs. W. H arkness, 
U n iv e rs ity  o f Glasgow. The f ig u r e s  quoted a re  pe rcen tag e  w e ig h ts .
-  44 -
P rep ara tio n  o f the P erace ty la ted  Oligomers of —1.4—
Linked Glucose 
Penta-O-acetyl-QC-P-glucopyranose (AcG^)
Anhydrous g lucose  was co n certed  to  th e  OC-penta a c e ta te  by th e  
s ta n d a rd  method o f  adding  g lucose  slow ly  to  a s t i r r e d  s o lu t io n  o f 
a c e t ic  anhydride w ith  p e rc h lo r ic  a c id  as c a ta ly s t  (122). T his gave 
th e  0 ( - a c e ta te  i n  $0$ y ie ld ,  w ith  mp 110-112°C ( li t .( l2 2 )1 1 2 -1 1 3 ° C ) .
The CX-configuration was confirmed by nmr which showed that the 
anomeric proton a t S ■ 6.3ppm was a doublet with s p l i t t in g  4Hz.
O cta-O -acetyl-cX .— ce llo b io se  (AcG^)
C ello b io se  (Koch-Light L a b o ra to r ie s )  was a c e ty la te d  by th e
above method to  g ive  th e  O C -acetate  i n  85$  y ie ld ,  w ith  mp 228°C
( l i t .  (123)229°C). nmr (CDC13 ), S - 6 .3 ( d ,  J-4Hz, 1H), 5 . 6- 3*4(m, 13H),
2 .3 -2 .0 ( 8  CH. s ,  24H). [ c X j j j -  +39*8° ( l i t .  (123)+41°)* The nmr and
o p t ic a l  r o ta t io n  confirm s th e  p resence  o f  th e  O C -configu ra tion .
P e r-O -a c e ta te s  o f  c e l l o t r i o s e ,  - t e t r a o s e  and -p e n ta o se  (AcG_ , )-------------------------------------------------    3 , 4 ,5
The m ix ture  o f  a c e ty la te d  c e l lo d e x tr in 3 was p rep ared  by a mod­
i f i c a t i o n  o f  th e  methods o f  Dickey and V olfrom (l24), Wolfrom and 
D acons(l25)and M ille r  a t  a l  (126).
Vhatman C e llu lo se  Powder (l2 0 g ) was s low ly  added to  a s t i r r e d  
s o lu t io n  o f a c e t ic  anhydride (430m l), a c e t ic  a c id  (430ml) and con­
c e n tr a te d  s u lp h u r ic  a c id  (45m l). The r e a c t io n  was c a r r ie d  ou t i n  an 
ic e  b a th  to  ensure  th a t  th e  tem pera tu re  d id  no t r i s e  above 40°C.
(Any f u r th e r  in c re a s e  i n  tem p era tu re  le a d s  to  c a r a ra e l l i s a t io n ) .  The 
re a o t io n  was th e n  m ain ta ined  a t  30°C. A f te r  48 hours th e  m ix tu re  was 
m onitored  every  2 hours by t l o  u n t i l  th e  predom inant o ligom er was th e  
te tra m e r . This to o k  a f u r th e r  6 hou rs . The r e a c t io n  was stopped  a t  
t h i s  p o in t by p o u rin g  th e  s o lu t io n  in to  10 l i t r e s  o f  v ig o ro u s ly  s t i r r e d  
ic e  w a te r . The p r e c ip i ta te d  oligom ers were th e n  f i l t e r e d  o f f ,  washed 
w ith  sodium hydrogen ca rb o n a te  s o lu t io n  and w a te r , and d r ie d . Y ie ld  200g.
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Tlo o f  t h i s  m a te r ia l  showed th a t  i t  co n ta in ed  oligom ers w ith  D.P.
1 to  9* d is s o lv in g  t h i s  i n  a minimum volume o f  re f lu x in g  m ethanol 
c e l lo b io s e  o c ta—a c e ta te  s e le c t iv e ly  c r y s t a l l i s e d  o u t, e n rio h in g  th e  
m other l iq u o r  i n  h ig h e r  o ligom ers. This a ls o  p rovided  a f u r th e r  
sou rce  o f th e  dim er. The f i l t e r e d  s o lu t io n  o f o ligom ers was poured 
in to  5 l i t r e s  o f  s a tu ra te d  b r in e  and l e f t  f o r  a  few hours f o r  th e  
p r e c ip i t a t e  to  c o ag u la te . This was th en  f i l t e r e d  o f f  and w ell washed 
to  ensu re  th e  m ix ture  was f r e e  o f  s a l t .  The m ix ture  o f  c e llo -o lig o m e rs  
was a i r  d r ie d  and s to re d  i n  a  vacuum d e s s io a to r .  Y ie ld  105g, 49^*
T his p rov ided  a s to c k  f o r  chrom atographic s e p a ra tio n .
The s e p a ra t io n  o f th e  c e l lo d e x tr in s  i s  norm ally  c a r r ie d  o u t on 
th e  f r e e  su g ars  u s in g  c a rb o n -c e li te  o r  g e l f i l t r a t i o n  columns.
For th e  purposes o f f u r th e r  sy n th e s is  i t  would be advantageous to  
o b ta in  a  supp ly  o f  a c e ty la te d  c e llo -o lig o m e rs  d i r e c t l y  from th e  
p e ra c e ty la te d  m ix ture  ( r a th e r  th an  d e a c e ty la t io n , s e p a ra t io n  and 
subsequen t a c e ty la t io n ) .  B a l la rd ie  and Capon(127)have s u c c e s s fu lly  
o b ta in e d  th e  o lig o sa c c h a r id e  p e ra c e ta te s  o f c h i t i n  i n  p re p a ra t iv e  
q u a n t i t i e s  u s in g  a la rg e  s i l i c a  column. The c o n d itio n s  which 
B a l la rd ie  and Capon used  f o r  th e  s e p a ra tio n  o f th e  c h i t i n  o lig o ­
sa c c h a rid e s  (10$« m ethano l/ch lo ro fo rm ) on ly  succeeded i n  washing th e  
c e l lo d e x t r in  a c e ta te s  s t r a ig h t  th rough  the  column. T his d if f e re n c e  
i n  p o la r i ty  can  on ly  be due to  th e  B -ace ty l group on carbon  2 on 
each  o f  th e  su g a r re s id u e s  o f a c e ty la te d  c h i t i n  o ligom ers, compared 
w ith  th e  ^ - a c e ty l  group o f the  g lucose based  o ligom ers. A fte r  much 
t r i a l  and e r r o r  th e  fo llo w in g  system  was developed.
The ad so rb en t used was M allin ck ro d t S i l i c i c  Acid, 100 mesh, 
a o t iv a te d  f o r  12 hours a t  200° c . 1 . 8kg were u sed , and 5E o f  th e
o e l lo d e x tr in  a c e ta te  m ix ture  could  be s e p a ra te d . The column (210cm x 
4 . 2cm) was packed wet w ith  a  s lu r r y  o f  th e  ad so rb en t and carbon
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t e t r a c h lo r id e .  The m ix ture  o f  a c e ty la te d  o ligom ers was a p p lie d  i n  a 
minimum volume o f  30:70 ch lo ro fo rm /carh o n  te t r a c h lo r id e .  The column 
was e lu te d  w ith  30:70  ch lo ro fo rm /carb o n  te t r a c h lo r id e  w ith  1$  m ethanol 
added. The p ro p o r tio n  o f  m ethanol was found to  be c r i t i c a l  s in c e  too 
much m ethanol caused the  o ligom ers to  come o f f  th e  column to g e th e r  
and too  l i t t l e  caused them to  adhere to  th e  column. 30ml f r a c t io n s  
were c o l le c te d  u s in g  an L. K.B. U ltro v ac  f r a o t io n  c o l l e c to r  over a 
p e r io d  o f  10-14 days. The s e p a ra t io n  o f th e  a c e ta te s  was m onitored 
by t i c  a n a ly s is  o f  every  te n th  tube on 20cm x 20cm s i l i c a  g e l p la te s .  
S o lv en t 2> m ethanol i n  30:70 ch lo ro fo rm /carb o n  te t r a c h lo r id e .  The 
f r a c t io n s  were shown by developm ent w ith  e e r ie  s u lp h a te . Homogeneous 
f r a c t io n s  were pooled  and th e  so lv e n t removed on a ro ta ry  e v ap o ra to r . 
C e llo b io se  o c ta - a c e ta te  could  be r e c r y s t a l l i s e d  from m ethanol b u t was 
norm ally  d isc a rd e d . C e l lo tr io s e ,  c e l lo te t r a o s e  and c e llo p e n ta o se  
a c e ta te s  were r e c r y s t a l l i s e d  from e th an o l.. The fo llo w in g  ta b le  shows 
a ty p ic a l  d i s t r i b u t io n  when th e  column i s  s e p a ra tin g  w e ll.
F ra c tio n s  (3 0 a l)  Compound T yp ical w eight
221-261 AcG2 0 .3g
291-321  AcG3 1 .3  g
381-461 AoG. 1 .6 g4 ,
471-501  AcGj. 0 . 8g
511-551 AcG6 0 .5 g
The f r a c t io n a te d  p e ra c e ty la te d  c e l lo d e x tr in s  were f u r th e r  
c h a r a c te r is e d  th ro u g h  t h e i r  100MHz nmr s p e c tra ,  o p t ic a l  r o ta t io n  
and m e ltin g  p o in ts .  T h e ir  p ro p e r t ie s  a re  shown in  Table 2.
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Carbon-13 MLR o f th e  A ce ty la ted  C ello—o lig o sa c c h a r id e s
To f u r th e r  c h a r a c te r is e  th e  c e llo -o lig o sa c c h a r id .e s , t h e i r  
C—13 hHB s p e c tra  were reco rded  w ith  some in t e r e s t i n g  r e s u l t s .
The s t r u c tu r e s  o f th e  a c e ty la te d  o lig o sa c c h a r id e s  a re  shown 
i n  F ig u re  7 • The s t r u c tu r e s  a re  drawn w ith  th e  anom eric acetoxy  
group i n  th e  oC -configura tion  as  determ ined  by p ro to n  UKR.
The chem ical s h i f t s  o f th e  carbon atoms o f  g lucose p e n ta -a c e ta te  
and c e l lo b io s e  o c ta - a c e ta te  were ass ig n ed  by com parison w ith  th e  
r e s u l t s  o f  G agnaire, T aravel and V ignon(l28). The chem ical s h i f t s  
a re  g iv en  i n  Table 3 • As p o in ted  ou t by Gagnaire th e  chem ical 
s h i f t s  o f  carbons 6 and 6 * i n  c e llo b io se  o c ta - a c e ta te  cannot be 
s p e c i f i c a l l y  a ss ig n e d  to  any one atom. The C-13 KMR s p e c tra  o f 
h ep ta-O -ace t y l - 4- n i t r o phenyl j i  - c e l lo b io s id e  was reco rd ed  in  th e  
hope th a t  th e  chem ical s h i f t  o f  C-6  on th e  red u c in g  r in g  would be 
a l t e r e d .  As can  be seen  from th e  accompanying d a ta  on th e  c e l lo ­
b io s id e  t h i s  d id  n o t occur.
To a s s ig n  th e  spectrum  o f  AcG^ i t  i s  assumed th a t  th e  carbon 
atoms o f  th e  g lucose  r in g s  a t  th e  red u c in g  end and th e  non-reducing  
end have s im i la r  chem ical s h i f t s  to  th o se  o f  AcG  ^ and th a t  th e  new 
s ig n a ls  which a r i s e  come from th e  in te r n a l  g lucose r in g .
The atoms o f  C -l, C-4, and C-6  f o r  each r in g  a re  r e a d i ly  
a ss ig n e d  ( th e  am bigu ity  f o r  th e  o u te r  C-6 *s rem ains, a lth o u g h  th e  
C-6  s ig n a l  o f th e  in te r n a l  r in g  i s  u n iq u e ). Carbons C—2, C-3 and 
C-5 o f  th e  red u c in g  r in g  a re  e a s i ly  p icked  ou t a s  i s  C-2 o f  th e  
n o n -reducing  r in g .  The v a lu e  o f  72.09ppm f o r  C-2 o f  th e  in te r n a l  
r in g  and 71*89ppm f o r  C-5 o f  th e  non-reducing  r in g  may be i n t e r ­
changed as  may be th e  v a lu e s  o f 72. 80ppra f o r  C-3 o f  b o th  th e  non- 
red u c in g  r in g  and th e  in t e r n a l  r in g  and 72. 92ppm f o r  C-5 o f  th e  
i n t e r n a l  r in g .
Structure of Acetylated Cello-oligosaccharides
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Figure 7
13C- NMR of Acetylated Cello-oligosaccharides 
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TABLE 3
CHEMICAL SHIFTS FOR 1^C-13MR SPECTRA OF ACETYLATED CELLO-OLIGOSACCHARIDES
AcQ1
AcQ2 Cl 100.89
C2 71.69
C3 72.99
C4 67.88
C5 71.99
C6 61. 65*
AoO, Cl 100.81 Cl 100.81
C2 71.68 C2 72.09
C3 72 .80 C3 72.80
C4 67.85 C4 76.17
C5 71.89 C5 72.92
C6 61.57* C6 62.26
AcO4 Cl 100.81 Cl 100.54 Cl 100.81
C2 71.66 C2 72.05 C2 72.05
C3 72.87 C3 72.71 C3 72.71
C4 67.84 C4 76.15 C4 76.15
C5 71.87 C5 72.87 C5 72.87
C6 61 . 5 8 * C6 62.15 C6 62.15
AcQ Cl 100.81 Cl 100.53 Cl 100.53 Cl 100.81
5 C2 71.66 C2 71.95 C2 71.95 C2 71.95
C3 72.86 C3 7 2 .6 6 C3 72.66 C3 72.66
C4 67.83 C4 76.13 C4 76.13 C4 76.13
C5 71.95 C5 72.86 C5 72.86 C5 72.86
C6 61 . 56* C6 62.12 C6 62.12 C6 62.12
C e llu lo se A ce ta te  t Cl 100.455 C2 72. 00? C3 72 . 6 0? C4 76.:
C6 62 .15 .
«
Chemical e h i f t s  may he in te rch an g ed .
Cl 89.08
C2 69.25
C3 69.86
G4 67.96
C5 69 .86
C6 61.51
Cl 88.96
C2 69.38
C3 69 .38
C4 76.05
C5 70 .80
C6 61.50*
Cl 88.9 8
C2 69.45
C3 69.45
C4 76.17
C5 70 .80
C6 61.32*
Cl 88.9 8
C2 69.42
C3 69.42
C 4 76.15
C5 70.79
C6 61.33*
Cl 88.96
C2 69 .40
C3 69 .40
C4 76.13
C5 70 .80
C6 61.34*
C5 72 .95 ;
Structure of Ac£NPG2
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Figure 9
C-13 NMR Spectrum of AcANPG2
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Figure 10
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kL SHIFTS FOR ^C-RMR SPECTRA OF HEPTAACETYL -
4-KLTROPREm j d  -<
Cl 100.81 Cl 97.84
C2 71.62 C2 72.29
C3 72.85 C3 71.11
C4 67.83 C4 76 .20
C5 71.98 C5 73.22
C 6 61.85* C6 61.66*
4.
Chemical e h i f t s  may he in te rc h an g e d .
TABLE 4
-  53 -
The /3 —a  no m eric carbons o f AcG^ have th e  same chem ical s h i f t
v a lu e  o f  100* 8lppm* On a d d i t io n  o f a  g luoose re s id u e  to  form AcG..
4
a  new anom eric resonance a t  100.54ppm. On a d d it io n  o f  a  f u r th e r  
g lucose  re s id u e  to  form AcG  ^ th e  C—13 KMR spectrum  shows 2 —anom eric 
carbon  resonances a t  100. 8lppm and 2 a t  100,53  ppm as  w e ll as  th e  
0£—anom eric oarbon resonance a t  88, 96ppm. The chem ical s h i f t  a t  
100„53ppm i s  ty p ic a l  o f  th e  anomeric carbon o f a 'n o rm a l' in t e r n a l  
r in g  o f  c e l lu lo s e  a c e ta te ,  (A 'n o rm al' r in g  i s  one in  th e  m iddle o f  
th e  lo n g  ch a in  polym er). S ince one resonance a t  100,81ppm i s  a t t r i ­
b u ta b le  to  th e  anomeric carbon o f  th e  g lucose r in g  a t  th e  non­
red u c in g  end o f th e  c e l lo -o lig o s a c c h a r id e  ch a in ; th e  o th e r  must 
b e lo n g  to  a  r in g  which i s  s p e c ia l  compared to  th a t  o f  th e  'n o rm a l' 
i n t e r n a l  r in g  o f c e l lu lo s e  a c e ta te .
I t  cannot d e f in i t e ly  be s a id  w hether t h i s  's p e c i a l '  g lucose  r in g  
shou ld  be co n sid e red  to  be in s e r te d  betw een th e  red u c in g  r in g  and th e  
i n t e r n a l  r in g  o r  the  non-reducing  r in g  and th e  in te r n a l  r in g  o f AcG^ 
b u t a  good guess i s  th a t  th i s  's p e c ia l*  r in g  i s  th e  one nex t to  th e  
red u c in g  end.
T h is  's p e c i a l '  in te r n a l  r in g  i s  on ly  c h a ra c te r is e d  by i t s  d i f ­
f e r in g  chem ical s h i f t  o f th e  anom eric carbon.
I f  th e  's p e c i a l '  r in g  i s  a d ja c e n t to  th e  red u c in g  end, th e  
anom eric carbon would be 5 atoms away from th e  carbon a t  which th e re  
i s  a  s t r u c tu r a l  d if f e re n c e  from the 'n o rm a l' r in g , (A 'n o rm a l' r in g  
i s  one i n  th e  m iddle o f a long  ch a in  polym er). I f  th e  's p e c i a l '  r in g  
were a d ja c e n t to  th e  non-reducing  end o f th e  c h a in  th e  anom eric carbon 
would be 8 atoms away from th e  carbon a t  which a s t r u c tu r a l  d if f e re n c e  
from a  'n o rm a l' r in g  o ccu rs . T herefo re  th e  red u c in g  end would be 
expeoted  to  make th e  l a r g e r  c o n tr ib u t io n  to  any d e v ia t io n . On t h i s  
b a s is  th e  chem ical s h i f t s  were a ss ig n ed  to  th e  carbon  atom o f  AoG^
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a s  shown i n  Table 3 « The assigm ents f o r  C -l, C-4 and C-6 o f  each 
r in g  a re  r e a d i ly  made (ag a in  th e re  i s  am biguity  f o r  th e  o u te r  0 - 6 's ) .  
C-2, C-3 and C-5 o f  th e  red u c in g  r in g  and C-2 o f  th e  non-reducing  
r in g  a re  e a s i ly  pioked o u t. O ther assignm ents a re  made on th e  
b a s is  o f  th e  f i r s t  assum ption ( th a t  th e  o u te r  r in g s  r e t a i n  t h e i r  
c h a r a c t e r i s t i c  chem ical s h i f t s )  and 1hat th e  in te r n a l  r in g s  a re  
b eg in n in g  to  be ty p ic a l  o f c e l lu lo s e  a c e ta te .
On a d d i t io n  o f a  f u r th e r  g lucose re s id u e  to  form AcG_, th e  
C-13 hMR spectrum  does not become more com plicated . Assuming th a t  
th e  o u te r  r in g s  r e t a i n  t h e i r  chem ical s h i f t  i d e n t i ty ,  th e  's p e c ia l*  
r in g  i s  a d ja c e n t to  the  red u c in g  r in g , and th a t  th e  o lig o sa c c h a r id e  
ten d s  tow ards th e  polymer c e l lu lo s e  a c e ta te ;  th e  assignm ents shown 
i n  th e  ta b le  r e s u l t .
Taking a b ro ad e r lo o k  a t  tthe C-13 NMR s p e c tra  o f  th e  a c e ty la te d  
o e l lo -o lig o s a c c h a r id e s  i t  can be seen  th a t  th e  C-13 KMR spectrum  o f  
AcGg i s  no t r e p re s e n ta t iv e  o f th e  spectrum  o f  c e l lu lo s e  a c e ta te .
The spectrum  o f AcG^ s t i l l  does no t e x p la in  th e  spectrum  o f  th e  
polym er a lth o u g h  th e  chem ical s h i f t  f o r  C—6 o f c e l lu lo s e  a c e ta te  i s  
re p re se n te d  by th e  chem ical s h i f t  o f  th e  in t e r n a l  C—6. I t  i s  n o t 
u n t i l  th e  te tra m e rio  compound i s  s tu d ie d  th a t  a l l  th e  chem ical s h i f t s  
o f  th e  carbons o f  c e l lu lo s e  a c e ta te  a re  ex p la in ed .
Prom th e  above r e s u l t s  th e  fo llo w in g  u n d e rlin e d  g lucose  u n i t s  
re p re s e n t  th e  in te r n a l  g lucose re s id u e s  re sp o n s ib le  f o r  th e  C—13 
KMR spectrum  o f c e l lu lo s e  a c e ta te ,
Olu -  Glu -  Glu -  Glu -  Glu -  Glu -  Glu -  Glu -  Glu -  Glu
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P re p a ra tio n  o f th e  O lig o saccharides o f  —1 .4 —Linked Glucose
O l-D -G lucopyranose (G^)
B -glucose was o b ta in ed  from B.D.H. and was o f  'A n a la r ' g rade .
I t  was used  w ith o u t f u r th e r  p u r i f ic a t io n .
OC-C ellob iose  (G^)
C ello b io se  was o b ta in ed  from Kboh—L ig h t L a b o ra to r ie s  and was 
u sed  w ith o u t f u r th e r  p u r i f ic a t io n .
Qd—C e l lo t r io s e  (G^)
P e ra c e ty l-O ^ -c e llo tr io s e  (0 .5 g ) was d isp e rse d  i n  anhydrous 
m ethanol (5m l) and sodium m ethoxide ( l . 5n l ,  0. 5g Na i n  100m l) added.
The s lu r r y  was shaken f o r  40 m inutes by which tim e th e  m ix tu re  had 
become c le a r .  A m berlite  IE  120 (H+ ) io n  exchange r e s in  was added u n t i l  
th e  sodium had been removed. The r e s in  was f i l t e r e d  o f f  and th e  
m ethanol removed on a  r o ta r y  ev ap o ra to r to  g ive an  amorphous w hite  
powder which was r e c iy s t a l l i s e d  from l s l  e th a n o l/w a te r .
T ie ld  0 .2 2 g, 88£ . mp 207-213°C ( l i t .  (129) 206-209°C; (130) 224°C.
IB  No a c e ta te s  p re s e n t. \ )  -  3600-3100cnf’\  0-H. (KBr).
[CXlJjj ■ +30.5° (w ater, 0. 28g / l 00m l). ( l i t .  (130) +32° +23°).
O ^ -C e llo te tra o se  (G^)
P e ra c e ty l - 0 ( - c e l lo te t r a o s e  (0 .5 g ) was t r e a te d  w ith  sodium 
m ethoxide i n  m ethanol as f o r  th e  tr im e r . The o lig o sa c c h a r id e  
d is so lv e d  and th e n  th e  d e -O -a ce ty la te d  m a te r ia l  began to  c r y s t a l l i s e  
o u t. The m ix tu re  was shaken f o r  a f u r th e r  30m inutes, coo led  to  0°C 
and f i l t e r e d  to  a f fo rd  th e  te tra m e r . Y ie ld  0 .20g , 77$* 
mp 245-251°C ( l i t .  (129) 252°C; ( l 3 l )  256-257°C).
IR  No a c e ta te s  p re s e n t. V  * 3600-3100cm \  0-H. (KBr).
[(X ]p  ■ +14*4°  (w a te r, 0. 19g / l 00m l). ( l i t .  (129 ) +16° ) .  
Q Q -C ellopentaose (G^)
P e ra o e ty l— oQ,—c e llo p e n ta o se  (0 .3 g ) was t r e a te d  w ith  sodium
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n e th o x id e  i n  m ethanol as b e fo re . As w ith  th e  te tra m e r the  de-O- 
a c e ty la te d  m a te r ia l  c r y s ta l l i s e d  o u t. The m ixture was shaken f o r  
a  f u r th e r  30 m inu tes, cooled  to  0°C and the  c e llo p e n ta o se  f i l t e r e d  
o f f .  Y ie ld  0 .12g, 75£- mp 262°C ( l i t .  (129) 266-268°; (132)
2 6 8 .5°C)
IB  No a c e ta te s  p re s e n t. V  ” 3600-3100cm"~\ 0-H. (KBr).
[ < * ] ,  - + 1 1 - 7 °  (w ater, O .llg/lO O m l). ( l i t .  (129) +11°!
(132) + 1 2 .4 ° ).
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P re p a ra tio n  o f 3 t4~D irA trophenyl-fi -D - G lycosides o f
I t  i s  v e i l  known th a t  th e  r e a c t io n  o f  n u c leo p h ile s  w ith  
ace tohrom o-g lucose  g iv es  a  p roduct w ith  a  1 , 2 - t r a n s - r e la t io n s h ip  
betw een th e  ace toxy  group on carbon 2 and th e  added n u c leo p h ile  on 
carbon  1, The use  o f  th e  acetobrom o-sugars was th e re fo re  employed 
i n  th e  s y n th e s is  o f  th e  a ry l  3^ -B -g ly c o s id es .
3 , 4-d in i t ro p h e n y l  2 . 3 , 4 , 6- te tra -O -a c e ty l-^ S  -D -g lucopyranoside  
(Ao34LNPG1 )
A cetobrom o-glucose was p repared  pure and in  h igh  y ie ld  by th e  
method o f  Haynes and N evth(l33 ) mp 87-88°C ( l i t . ( l 34) 87°C ).
A cetobrom o-glucose (3*5g)> anhydrous potassium  ca rb o n a te  (2 .5 g )  
and 3 , 4- d in i t ro p h e n o l  ( l . 5g) were s t i r r e d  to g e th e r  f o r  5 days i n  
50ml d ry  ace to n e . The s o lu t io n  was th en  poured in to  100ml o f  i c e -  
w a te r  and th e  g lucopyranoside e x tra c te d  w ith  4 x 100ml ch loroform .
The s o lu t io n  was d r ie d  over anhydrous magnesium su lp h a te , f i l t e r e d  
and th e  so lv e n t removed on a r o ta r y ' ev ap o ra to r . The r e s u l ta n t  
y e llow  sy rup  r e a d i ly  s o l id i f i e d  and was r e c r y s t a l l i s e d  from m ethanol. 
Y ie ld  2 .9 g , 66$ . mp 169-171°C.
A n a ly s is : C a lcu la ted  f o r  4 .3 1 ; N,5*45*
Pound:C ,46 .5 0 ; H,4*52 $ N,5*25*
IR  ^  -1755, C-0; 1615cm"1, a ro m atic . (N u jo l) .
nmr (CDCl^), S - 8 . 0 0  (d ,J  « 8 . 5Hz, 1H), 7*42 (d ,J  -  2 . 5Hz, 1H),
7 .26  ( q ,J  -  8.5Hz, 2.5Hz, 1H), 5*40-5.05 (m,4H), 4*30-3 .90  (m,3H),
2 .2 0 -2 .0 5  (4s,12H ).
UV A max -  282nm, lo g  £  -  3*78 (m ethanol).
- - 42. 3° (ch loroform ; o, 0 .4 6 g /l0 0 m l).
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3 .4 -d in i t r o p h e r y l  jB  -D -glucopyranoside (34DKPGJL)
The a c e ta te  groups were removed by th e  method o f  Zemplen (135). 
Ao34H1M1 ( ig )  was d isp e rse d  i n  methanol (lOml) and sodium methoxide 
(2 .5m l, 0*7g Na i n  lOOnl m ethanol) added. The s lu r r y  was shaken f o r  
30 m in u tes , by which time th e  s o lu t io n  was c le a r .  A m berlite  
IB  120 (H+) io n  exchange r e s in  was added to  remove th e  sodium io n s . 
The s o lu t io n  was f i l t e r e d  and th e  so lv en t removed on a ro ta ry  
e v a p o ra to r  to  a f fo rd  th e  crude g lucopyranoside. The p roduct was 
r e c r y s t a l l i s e d  from a 1:4  s o lu t io n  o f m ethano l/w ater.
Y ie ld  0 .6 g , 90$. mp 105-109°C.
A n a ly s is :  C a lcu la ted  f o r  C ^ H ^ l^ O ^ I ^ O ) :  C, 39*56; H 4*43; N 7*69
Found :C 39*09; H 4*72; H 7*61.
IB  No a c e ta te s  p re s e n t. S) -3600-3100, 0-H; 1615cm"1, a ro m atic . (KBr).
near (p y r id in e -d c ), S -8 .0 4 (d , J - 8 . 5H z,lH ), 7*79 (d , J - 2 . 5H z,lH ),
5
7 .4 8  (q , J-8.5H Z, 2.5Hz, 1H), 5 .78  (d, J - 8H z,lH ), 4 . 68- 4 . Q5 (m,6H). 
(p y rid in e -d ^ /D 20 ) a d d it io n a l  s in g le t  a t  $  - 5*6 (4H).
UV Xmax -  282nm, lo g  9 - 3 * 8  (w ater, pH-5).
-6*1° (w a te r; 0 , O .lg/lOQm l).
3 . 4-d in i t ro p h e n y l  h e p ta -0- a c e ty l -^9 — c e llo b io s id e  (Ac34DNPGg) 
C e llo b io se  o c ta -a c e ta te  was converted  to  th e  h e p ta -a c e ty l
brom ide i n  92$ y ie ld  by th e  method o f Haynes and Newth (133)* 
mp 189-191°C ( l i t , (136) 182°C).
Acetobromo -  c e llo b io se  (3«5g)> potassium  carb o n ate  (2g) 
and 3 , 4-d in i t ro p h e n o l  ( lg )  were s t i r r e d  to g e th e r  i n  100ml o f  d ry  
ace to n e  f o r  5 days a t  room tem p era tu re . The m ixture was th en  
t r e a te d  as f o r  Ac34DNPO to  g ive p a le  yellow  c r y s ta l s  from 50:50  
m e th a n o l/e th an o l. Y ield  2 .1 g , 52 .3$  mp 240-242 C.
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A n a ly s ie .C a lc u la te d  f o r  »C, 47. 89} H, 4-77} H, 3 .49 .
Pound 8 C, 47.95} H, 4.97} B, 3 .30 .
IE  3) -1755 , C.0} IfilSon- 1 , a ro n a tio . (B u jo l)
m r  (CDC13 ) , S  - 8 .02  (d, J - 8 . 5HZ, 1H), 7.42  (d, J -2 .5 H z, 1H),
7 .2 6  (g , J - 8 .5 ,  2 . 5Hz, 1H), 5 . 42- 3. 6 O (m, 14H), 2 . 24- 1 ,92  (7 s , 21H).
W  f \  max a 282rm, lo g  £  » 3.75  (m ethanol).
CoCDd ■ -3 7 °f (ch loroform ; c, 0. 24g / l 00m l).
3 t4 -d in itro p h e n y l yS — c e llo h io s id e  (34DNPG2 )
Do—^ - a o e ty la t io n  o f Ao34DNPG2 was accom plished under Zemplen 
c o n d it io n s .
Ao34DNPG2 ( lg )  was d e ao e ty la te d  to  g ive 0. 58g o f th e  a ry l  
c e l lo h io s id e ,  r e c r y s t a l l i s e d  from 1:4  m ethano l/w ater, mp 187-192°C. 
A n a ly sis  : C a lcu la te d  f o r  CiQH24K2015^B20  ^ * C,41 . 07 ; H,4 . 98 ; N ,5 .32.
Found : C, 41*00; H, 5*01; N, 5*32.
IE  No a c e ta te s  p re s e n t. -3600-3100, 0-H; 1615cm*"1, arom atic .(K B r)
nmr (p y r id in e -d ^  ), §  -  8 .0 0  (d, J-8 .5H z, 1H), 7.75  (d , J-2 .5K z, 1H),
7*42 (q , J-8 .5H z, 2.5Hz, 1H), 6 .7 0  (s , 7 0-H), 5 .74  (d, J - 8Hz, 1H),
5*16 (d , J« 8Hz, 1H), 4 .7 0 -3 .8 5  (m, 12H).
UV A  max -  284nm, lo g  £  -  3*8 (w ater, pH-5)*
-  “166. 3° .  ("a t e r ;  o, 0. 154g / l 00m l).
3. 4-d i r i t r o p h e n y l  d eca -ace ty l-y 3  ~  c e l lo t r io s id e  (Ac34DNPG^)
P e ra c e ty l c e l l o t r i o s e . (0 .4 g ) was added to  d ich lorom ethane (5ml)
and 40$ hydrogen bromide i n  a c e t ic  a c id  (2 . 5m l) and l e f t  a t  room 
tem p era tu re  f o r  2 hours. The s o lu t io n  was th e n  poured in to  10ml 
o f  ic e  w a te r , th e  bromide e x tra c te d  w ith  chloroform  and washed w ith  
sodium hydrogen carb o n ate  s o lu t io n . A fte r  d ry in g  over magnesium 
s u lp h a te  th e  so lv e n t was removed to  g ive a p a le  yellow  syrup  which 
s o l i d i f i e d  on t r i t u r a t i o n  w ith  e th e r .  Y ield  0.35g> 85$ .
The a c e to b ro m o -c e llo tr io se  was im m ediately  re a c te d  w ith  po tassium
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carbonate (0*5ff) aBd 3>4—'dinitrophenol (0*2g) in  25ml dry acetone*
A fte r  5 days th e  c e l l o t r io s id e  was worked up as f o r  Ac34LNPG^ to  
g iv e  a  p a le  ye llow  syrup . This syrup  would not c r y s t a l l i s e .  T ic 
a n a ly s is  o f  th e  p roduct showed th a t  th e  a ry l  g lu co sid e  and c e l lo — 
b io s id e  were p re se n t as im p u r it ie s . The product was th e n  se p a ra te d  
on 1mm, 20cm x  20cm s i l i o a  g e l p la te s  u s in g  2$ m ethanol i n  30:70 
ch lo ro fo rm /ca rb o n  te t r a c h lo r id e  as e lu e n t . Three bands were shown 
to  “be p re s e n t by uv. The low er band was washed from th e  s i l i c a  w ith  
ch lo ro fo rm  and evaporated  to  g ive a c le a r  syrup  which was e a s i ly  
r e c r y s t a l l i s e d  from e th an o l. I t  was shown to  be th e  p e ra c e ta te  o f 
th e  a r y l  c e l l o t r i o s id e .  Y ield  0.15g, 40$. 135-139°C.
A n a ly s is  : C a lcu la ted  f o r  C^H^NgO^g : C, 48*44 ; H, 4*99? 2.57*
Pound : C, 48.25} H, 5.03} N, 2 .2 8 .
IR  ^  » 1755* C«0} 1615cm- 1 , a ro m atic , (ifcijo l).
nmr (CDCl^), $  » 8.02 (d, J«8.5Hz, IE ), 7*42 (d, J«2.5H z, 1H),
7.26 (q, J - 8. 5HZ, 2.5Hz, 1H), 5*45-3.60 (m, 21H), 2 .26 -1 .90  (10s, 30H).
UV max -  282rm, lo g  £ « 3 .8  (m ethanol).
C ° 0 : d « -2 2 .2 °  (chloroform } o, 0 .2 l6 g /l0 0 m l).
3«4~dinitroT)hen.vl f l  — c e l lo tr io s id e  (34DNPG^)
Ac34EHPG^ was d e -O -a ce ty la te d  by th e  method o f Zemplen.
Ac34DEPG^ (O .lg )  was d e ao e ty la te d  to  g ive a  p a le  ye llow  syrupy
p ro d u c t. W ater (lm l) was added and th e  s o lu t io n  passed  th rough  a
column o f  Sephadex G-15 (l.6cm  x 20cm). The e f f lu e n t  was m onitored
i t s  uv  a b so rp tio n  a t  282nm. The homogeneous f r a c t io n  was fre e z e
d r ie d  to  g ive  a w hite  amorphous powder. Y ie ld  54h£>9 88^. mp 165—170 C(dec. )
A n a ly s is  : C a lcu la ted  f o r  Cg^H^lSJgO^Q * C, 43.00} H, 5*11; N, 4*18.
Pound 1 C, 43.22} H, 5 .3 7 ; H, 4 .2 0 .
IR  No a c e ta te s  p re s e n t. V -  3600-3100, 0-H; 1615cm- 1 , a ro m atic . (KBr).
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nmr (D2° ) .  6 -  8.16  (d , J - 8. 5H®, 1H ), 7 .62  (d , J - 2 . 5HZ, 1H),
7 .4 4  (<b J - 8 . 5HZ, 2 . 5Hz, 1H), 5 .2 8  (d , J-7H z, 1H ),4 .54  (d , J « 8Hz, 1H), 
4 .4 6  (d , J - 8Hz, 1H), 4 .I& -3. I 6 (a , 18H).
H-O-D s ig n a l  a t  4 . 7 8 6 .
UV ^ m a x  * 282nm, lo g  £ ■  3*75 (w ater, pH-5)«
I<X] -  -2 3 .4 °  (v a te r )  c ,  0 .0 95« /l00m l).
3 .4 -d ln itroT 3heny l t r ld e c a - 0 -a o e ty l - /3  — c e l lo te t r a o e id e  (Ao34DHPO^)
S ince th e  r e a c t io n  o f  th e  p e ra c e ty l o e l lo t r io s e  w ith  hydrogen 
hrom ide le d  to  p a r t i a l  d e g ra d a tio n , i t  was expected  th a t  th a t  o f  th e  
p e ra o e ty l  c e l lo te t r a o s e  would do so as  w e ll. This was fouiri. to  he so .
P e ra c e ty l c e l lo te t r a o s e  (0 .5 g ) was d is so lv e d  i n  a m ix ture  o f  
d ich lo rom ethane (3m l) and 40& hydrogen hromide i n  g la c i a l  a c e t io  
a c id  (2 .5 m l). The s o lu t io n  was l e f t  a t  room tem peratu re  f o r  2 hou rs. 
I t  was t r e a te d  as f o r  th e  c e l l o t r io s e  a c e ta te  to  g ive  a c l e a r  sy rup  
which s o l i d i f i e d  on t r i t u r a t i o n  w ith  e th e r .  Y ield  0 .44g, 86^ .
The a c e to h ro m o -c e llo te tra o se  was im m ediately  added to  a  s t i r r e d  
m ix tu re  o f  potassium  carb o n ate  ( 0. 5g) and 3>4—d in itro p h e n o l ( 0. 2g) 
i n  25ml dry  ace to n e . The re a c t io n  was l e f t  f o r  5 days a t  room 
tem p era tu re  and th e n  worked up a s  f o r  Ac34DNPG  ^ to  g ive a  p a le  
y e llo w  sy ru p . As w ith  Ac34Ul?PG^ i t  would n o t c r y s t a l l i s e  and t i c  
a n a ly s is  showed th a t  th e  g lu c o s id e , c e l lo b io s id e  and c e l l o t r i o s id e  
were p re s e n t as  im p u r i t ie s .  U n fo rtu n a te ly  p re p a ra t iv e  s e p a ra t io n  on 
1mm th ic k  s i l i c a  g e l p la te s  d id  no t re so lv e  th e  te tra m e r  from th e  
t r im e r .  I t  was n ecessa ry  to  u se  a  column (2cm x 40cm) packed w ith  
d ry  s i l i c a  g e l. The sample was a p p lie d  to  th e  to p  o f  th e  column i n  
a  minimum volume o f  30:70 ch lo ro fo rm /carb o n  te t r a c h lo r id e .  The 
column was e lu te d  w ith  2/S m ethanol i n  30:70  ch lo ro fo rm /carb o n  
te t r a c h lo r id e .  P ra o tio n s  (25ml) were c o l le c te d  and t h e i r  c o n te n ts  
an a ly sed  by t i c .  The Ac34DNPG  ^ f r a c t io n s  were pooled and th e
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s o lv e n t  removed on a ro ta ry  e v ap o ra to r to  g ive  a  c l e a r  syrup  which 
was e a s i ly  r e c r y s t a l l i s e d  from e th a n o l. Y ield  0 .2 5g, 53$. mp 140-146°C. 
A n a ly s is : C a lcu la te d  f o r  : C, 48.775 H, 5 .1 2 ; N, 2 .0 3 .
Found : C, 48 .4 0 ; H, 5 .1 0 ; R, 2 .5 0 .
IR 'l? ■ 1755? C-0; I6l5cm"’^ , arom atic. (K iijol).
n n r (CDC13 ), S ' -  8 .0 0  (d, J -8 .5 H z), 7.42  (d, J -2 .5 H z), 7.26 (q,
J * 8. 5Hz, 2 . 5H2 ), 5*44-3*58 (m), 2 .2 6 -1 .9 2  (CH  ^ s in g l e t s ) .
UV ?\ max «* 284rm, lo g £  -  3 .8  (m ethanol).
- 19*2° (ch loroform ; c , 0. 24g / l 00m l).
The carbon-13 nmr speotrum  o f  Ac34Ul^FO  ^ was reco rd ed . The 
reso n an ces  o f  th e  carbon atoms in  each r in g  a re  ta b u la te d  below. The 
assignm en ts  were made on th e  b a s is  o f  th e  carbon -13  s tu d ie s  o f  th e  
a c e ty la te d  c e l lo -o lig o s a c c h a r id e s  and h e p ta a c e ty l-4-n itro p h e n y l 
^ 3- c e l lo b io s id e .
CHEMICAL SHIFTS FOR 13C-2iMR SPECTRUM OF AC34DRP0,
4
Cl 100.78 Cl 100.47 Cl 100.47 Cl 97.84
C2 71.63 C2 72.06 C2 72.06 C2 73.12
C3 72 .40 C3 72.67 C3 72.67 C3 71.03
C4 67.79 C4 75.97 C4 75.97 C4 76 .58
c5 71.78 C5 72.8 9 C5 72.89 C5 73.60
C6 61.96 06 61.96 C6 61.96 C6 61.55
The v a lu e s  going  from l e f t  to  r ig h t  r e f e r  to  th e  g lucose  r in g s  
go ing  from th e  n o n -reducing  end o f o lig o sa c c h a r id e  to  th e  a ry l  group.
3 .4 -d in itro p h en y l^ /3  - c e l lo te t r a o s id e  (34DLPG^)
A034UNRG4 was d e -& -a c e ty la te d  by th e  method o f  Zemplen..
Ac34UEFG^ (0 .2 g ) was d e -O -a c e ty la te d  and th e  crude g ly co s id e  passed  
th ro u g h  th e  Sephader G-15 column as f o r  34DRRGy ®lu a te  c o n ta in in g
th e  a r y l  c e l l o te t r a o s id e  was f r e e z e  d r ie d  to  g ive a w h ite  amorphous 
powder. Y ie ld  104mg, 86$ . mp l 83- l 87°C ( d e c . ).
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A n a ly s is : C a lcu la ted  f o r  C ^ ^ O ^  : C, 43.275  H, 5 .3 3 ; R, 3 .37 .
Found : C, 43 .12 ; H, 5 . 57 ; R, 3. 26 .
IR  Ho a c e ta te s  p re s e n t. ^  *» 3600-3100, O-H; 1615cm \  a ro m atic . (KBr). 
nmr (l>20 ) , £ -  8.16 (d, J=8.5Hz, 1H), 7. 6I  (d, J«2.5H z, 1H),
7 .44  (q , J - 8 . 5HZ, 2 .5Ez, 1H), 5 .2 8  (d, J«7Hz, 1H), 4 . 5 O (m, 3H 
4 . 10- 3.12  (m, 24H). H-O-D s ig n a l  a t  4*78<S.
UV Amax * 283nm, log£. * 3*75 (w ater, pH-5 ).
[ 0 C ]D .  - 14 . 4°  (w a te r; c , 0. l 6g / l 00m l).
3 . 4-d in i tro p h e n y l p ,  - c h i to t r io s id e
T his compound was p repared  by M. C u thhert acco rd in g  to  th e  p ro ­
ced u res  d e sc rib e d  in  re fe re n c e  127*
3 .4 - d in i t r o o h e n y l^  - c h i to te t r a o s id e
T his  compound was a lso  p repared  by M. C u thbert acco rd in g  to  th e  
p ro ced u res  d e sc rib e d  in  re fe re n c e  127.
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P re p a ra tio n  o f  M odified 3<4—P in itro p h e n y l ^3 —D-Cflucopyranosides
3 .4 - d im  t r o  phenyl t r i —Q -ace ty l—6—deoxy— —D -glucopyranoside 
6-D eoxy-D -glucose (Koch-Light L a b o ra to r ie s ; 0 .2 g) was a c e ty la te d
w ith  a c e t ic  anhydride and p e rc h lo r ic  a c id  i n  th e  same manner as  f o r  
g lu o o se . The r e s u l t a n t  c le a r  syrup  was t r e a te d  w ith  40$ hydrogen 
brom ide i n  a c e t io  ao id  ( lm l) . This, was l e f t  a t  room tem peratu re  
f o r  3 hours and th e  acetobrom o-sugar worked up  as f o r  acetobrom o- 
g lu co se  to  g ive  a p a le  yellow  syrup .
To th e  acetobrom o-6-deoxy-glucose i n  10ml d ry  ace tone  was added
3 .4 -d iin itro p h en o l (0 .2 g ) and potassium  carb o n ate  (0 .2 g ) and the  
m ix tu re  s t i r r e d  f o r  5 days a t  room tem p era tu re . The m ix ture  was 
poured in to  50ml ic e -w a te r  and th e  deoxy su g a r e x tra c te d  w ith  4 x 50ml 
ch lo ro fo rm , d r ie d  o v er anhydrous magnesium su lp h a te  and th e  s o lv e n t 
removed on a  r o ta r y  e v ap o ra to r to  g ive  a sy rup  which was t r i t u r a t e d  
w ith  e th e r  to  cause s o l id i f io a t io n .  The s o l id  was r e c r y s t a l l i s e d  
from  m ethanol. Y ie ld  0 .l8 g , 32$. mp 176-178°C.
A n a ly s is :  C a lcu la ted  f o r  ^ 8 ^2 0 ^ 2 ^1 2 ! ^ 9 47*38; ^  4*42; R, 6.1 4 .
Found:; C, 47*5; 2? 4.41? 6 .4 4 .
IB  m 1755, c*0; 1615cm"1 , a ro m atic . (K u jo l) . 
nrar(CI>Cl3 ), S  -  8 .0 0  (d, J-8 .5H z, 1H), 7 .42  (d, J-2 .5 H z, 1H>,
7-24 (q , J -8 .5 H z, 2.5Hz, 1H), 5*40-5 .10  (m, H), 3 .8 8 -3 .4 6  (m, H),
2 .2 2 -2 .0 2  (3 s , 9 S ), 1 .26 (d, J«6Hz, 3H).
UV A  max ■ 284nm, lo g  £■  3*76 (m ethanol), 
lock- -8 3 .5 °  (ch loroform ; c , 0. 07g / l 0Qml).
3. 4-d in itrophenyl 6-deoxy j 3 -D-glucopyranoside
The a r y l  t r i - O - a c e ty l  6 -deoxy-g lucopyranoside  was d e -0 -a c e ty la te d  
by th e  method o f  Zemplen. D e-(> -acety la tion  o f  th e  6-deoxy g lu co sid e  
(O .lg )  fo llow ed  by r e c r y s t a l l i s a t i o n  from 1 :1  e th a n o l/w a te r  a ffo rd e d
3 .4 -d in i tro p h e n y l 6 -d e o x y .- IV g lu c o p y ra n o s id e . Y ie ld  0 .07g , 93^ . 
mp 95“ 98 0.
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A n a ly s is  * C a lcu la te d  f o r  c > 41.39? H, 4 .6 3 ; H, 8 .O4.
Pounds C, 41 .62 ; H, 4 . 7 5 ; N, 8. 19.
IB  Bo a c e ta te s  p re se n t. V -  3600-3100, 0-H; 16150a” 1, a rom atio . (KBr). 
r n r  (p y r id in e -d ^ ) , S  = 8.Q4 (d , J«8.5H z, IE ) , 7^80 (d, J-2 .5H z, 1H),
7 .4 8  (q , J«8.5H z, 2.5Hz, IE ) , 5.76  (d , J - 8Hz, 1H), 4*72-3 .96 (m, 4E ),
1 .2 8  (d , J«6Hz, 3H). (p y r id in e -d j./ l^ 0 ), <5- 5 . 5O (s , H-O-E, 3E ).
UY 7\max ■ 282nm, lo g  €.* 3.85  (w ater, pH-5 ).
[CX]t> -  - 215°  (w ater; c , 0. 072g / l 00m l).
3 . 4-d in itro~ phenv l t r i - 0-a c e t.y i-6- c h lo ro -6-deoxy‘- / 3 -U -g lu co p y ra ro s id e  
6-C h lo ro -6-deo ry -D -g lucose  was su p p lied  by P ro fe s so r  B# Capon (137 )• 
6-C h lo ro -6-d eo 2y-B -g lucose  (0 .2 g ) was a c e ty la te d  and t r e a te d  w ith  
40$ hydrogen bromide in  a c e t ic  a c id  a s  f o r  6-deoxy-B -g lucose  to  g ive  
acetobrom o-6- c h lo ro -6-deo zy -g lu co se  as  a  c le a r  sy rup . Y ie ld  0 .32g, 82$.
The acetobrom o-sugar was added to  a  s t i r r e d  m ix tu re  o f  3 ,4 -  
d in itro p h e n o l (0. 2g ), potassium  carb o n a te  ( 0. 2g) and d ry  ace tone  ( lQ n l) . 
A f te r  s t i r r i n g  f o r  5 days, th e  p roduct was i s o la te d  u s in g  th e  same 
methods a s  f o r  th e  6-deoxy g lucopyranoside . The m a te r ia l  was r e -  
o r y s t a l l i s e d  from methanol to  g ive  sm all, p a le  ye llow  c r y s ta l s .
Y ie ld  0 .2 8 g , 69$ . mp 177- l 8l°C .
A n a ly s is  s C a lcu la te d  f o r  44 .04 ; H, 3*90? 5 .7 2 ;
C l, 7 . 23.
Pound t C, 44 .20 ; E, 3 .8 8 ; H, 5*995 C l, 7 .2 4 .
IB  S) -  1755, C«0; 1615cm” 1, a ro m atic . (B u jo l) .
nmr (CDCl^), §  ■ 8*02 (d , J*8*5Hz, 1H), 7*42 (d, J*2.5H z, 1H),
7 .2 4  (q , J*8.5H z, 2.5Hz, 1H), 5 .4 2 -5 .0 2  (m, 4H), 4 .34-3*92 (m, 3E ),
2 . 20- 2 .0 0  (3 s , 9H).
UY A  max -  234nm, lo g  £ -  3 .82 (m ethanol).
[ o c ] D « -6 9 .3 °  (ch loroform ; c , 0 .1 5 g /l0 0 m l).
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3f 4—dinitrophenyl 6—chloro—6—deory y3 —3—glucopyranoside 
3 e -^ 0 -a c e ty la tio n  was accom plished u s in g  th e  method o f  Zeraplen.
3 , 4- phenyl  t r i —O -acety l—6—chlo ro—6—deoxy—j2>—3-g lu co p y ran o sid e  ( 0. 2g) 
was d e -O -a c e ty la te d  to  g ive a  p a le  yellow  sy rup  which c r y s t a l l i s e d  
on t r i t u r a t i o n  w ith  e th an o l. The g lu co sid e  was r e c r y s t a l l i s e d  from 
111 e th a n o l /w a te r .  Y ie ld  O .llg , 74$. mp 135-139°C.
A n a ly s is  : C a lcu la te d  f o r  ( ^ ° ) s C, 37.65? H, 4 . 23 ;
A n a ly s is  : C a lcu la te d  f o r  ^ ^ 2 2 ^ 2 ^ 1 3 *  46*91* 2, 4*56? B, 5*78.
Pound : C, 47*02; E, 4*54? R> 5*5*
IR  1755, C=0; I6l5cm“ 1, a ro m atic . (N u jo l) .
n n r (CDCl3 ) f 5 -  8 .02 (d, J«8.5Hz, 1H), 7 .4 ?  (d, J -2 .5 H z, 1H),
E, 7 .3 2 ; C l, 9 .2 6 . 
Pound : C, 37*47; H, 4 .5 3 ; R, 6 . 96 ; Cl, 9. 68 .
IR  Ro a o e ta te s  p re s e n t. V  * 3600-3100, 0-H; I6l5cm” ^, a ro m atic , 
mar , § »  8 .00  (d, J - 8. 5HZ, IE ), 7.42 (d , J«2.5H z, IE ) ,
7 .26  (q , J - 8. 5Ez, 2 .5Ez, IE ), 5.74  (d, J«8Ez, IE ), 4 .7 0 -3 -9 4  (m, 6E), 
(py rid ine-d^ /D gO ), 5 - 5 * 5 6  (s , H-O-D, 3E).
UV ?\ max *» 283nm, lo g  &«3*78 (w ater, pE»5).
[oCj -  - 40 . 9°  (w ater; c , 0 .22g /l00m l).
3 .4 -d in i tro p h e n y l tr i -0 -a c e ty l-6 -0 -m e th y l^ /3  -B -g lucopyranoside  
6 -0 -K e th y l-3 -g lu c o se  was su p p lied  "by P ro fe sso r  3 . Capon (137). 
6 -0 -K e th y l 3 -g lu co se  (0 .5 g ) was converted  to  3 ,4 -d .in itro p h en y l 
t r i - O - a c e ty l - -D -g lucopyranoside hy th e  u su a l sequence.
(A c e ty la tio n , tre a tm e n t w ith  hydrogen "bromide in  a c e t ic  a c id  and 
th e n  r e a c t in g  th e  acetohromo—su g ar w ith  3 ,4—d in itro p h e n o l (0 .4g) 
and po tassium  carb o n ate  (0 .4 g ) i n  2Qal d ry  a c e to n e ) . The compound 
was r e c r y s t a l l i s e d  from m ethanol to  g ive a w h ite , f l u f f y  
c r y s t a l l i n e  m ass. Y ield  0 .56g, 60 .4$ . mP 201-204 C.
7 .2 4  (q , J - 8 . 5EZ, 2 .5Ez, IB ), 5 .62-5*10 (m, 4H), 4 .30-3*58  (m, 3H),
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3*40 ( s ,  3H), 2 .1 8 -2 .0 4  (3 s , 9H).
W  / \  max *• 284nm, lo g  £■ 3*8 (m ethanol).
-  - 42°  (ch lo ro fo rm ; c , 0. 148g/lOOml).
3 ,4 - d in i t r o  phenyl 6—0-m ethyl -3 -g lu co p y ran o sid e
The Zemplen method o f  d e -O -a c e ty la tio n  was used  to  p rep are  th e  
a r y l  6 -0 -m ethy l g lucopyranoside . 374 -3 in itro p h e n y l t r i - O - a o e ty l -  
6-0-m ethyl-y3 -3 -g lu co p y ran o s id e  (0 .4 g ) was d e -O -a ce ty la te d  to  g ive  a 
w h ite  s o l id  which was r e c r y s t a l l i s e d  from 1*1 e th a n o l/w a te r .
Y ie ld  0 .24g , 81$. mp 148-150°C.
A n a ly s is  s C a lcu la te d  f o r  O ^ H ^ I^ O ^ O ^ O ): C, 41 .27 ; H, 4*79; R, 7*43.
Pound s c , 41*57; 4*74; R, 6 . 9 9 .
IE  Ro a c e ta te s  p re s e n t. V * 3600- 3100, O-H; I 6l 5cm“’^ , a ro m atic , 
nmr ( p y r i d i n e ^ ), 5 -  7 .9 8  (d, J - 8. 5HZ, 1H), 7.42  (d, J«2 .5E z, IE ) , 
7*26 (q , J*8.5H z, 2 .5Ez, IE ) , 5 .76  (d, J* 8Ez, IE ), 4*70-3 .98  (m, 6E), 
3 .4 2  ( s ,  3H). (p y r id in e -d 5/3 20 ) , 5 -  5*5 ( s ,  E -0-3 , 3H).
IJV max m 282nm, lo g  £ -  3*78 (w ater, pE*5).
[ o c ] j .  - 111. 4° (w ater; c , 0. 07g / l 00m l).
314 -  d i n i t  ro  phe ny 1 t r i -0 -a o e t .y l - /3  -3 -ry lo p .y ran o sid e
X ylose (lO g) was a c e ty la te d  hy th e  same method as th a t  used  f o r  
g lu co se  to  g ive  a  c o lo u r le s s  syrup  which cou ld  no t he induced to  
c r y s t a l l i s e .  Y ie ld  2 0 .5g, 96$.
T e tra -O -ace ty l-O C -3 -x y lo se  (lOg) was t r e a te d  w ith  40$ hydrogen 
brom ide i n  a c e t ic  a c id  (25m l) to  g ive  aoetohromo—x y lo se  a f t e r  th e  
u s u a l  work up . The acetohromo—xy lo se  was o b ta in ed  as  a  c o lo u r le s s  
sy ru p  which c r y s t a l l i s e d  on s ta n d in g  i n  th e  r e f r i d g e r a to r  under d ry  
e th e r  f o r  3 d ays. The compound was r e c r y s t a l l i s e d  from e th e r .
Y ie ld  8 .7 g , 81$. mp 100-101°C ( l i t .  (136) 101°C).
Acetobromo—xy lo se  (2g ), 3 ,4—d in itro p h e n o l ( lg )  and potassium  
o a rb o n a te  ( lg )  were s t i r r e d  to g e th e r  i n  20ml d ry  ace to n e  f o r  5 days.
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The ace to n e  m ix tu re  was poured in to  100ml ic e -w a te r  and th e  x y lo -  
pgrranoside e x tra c te d  w ith  4 *  50^1 ch loroform , d r ie d  o v e r anhydrous 
magnesium s u lp h a te , f i l t e r e d  and th e  so lv e n t removed on a r o ta r y  
e v a p o ra to r  to  g ive  a  p a le  ye llow  s o l id .  The p roduct was r e c r y s t a l l i s e d  
from m ethanol. Y ie ld  1 .6 g , 61$. mp l8 l- l8 3 ° C .
A n a ly s is  * C a lcu la te d  f o r  C^H^gNgO^ t C, 46 .1 5 ; H, 4*10; R, 6 .3 5 .
Found t C, 4 6 .2 2 ; E, 4*20; E, 6 .6 0 .
IE  " 0  "  1755, C*0; 1615cm” 1, a ro m atic . (E u jo l) . 
m r  (C3C13 ), £  -  8 .0 0  (d , J«8.5H z, IE ) , 7 .3 9  (d, J-2 .5H z, IE ),
7 .2 9  (q , J«8 .5E z, 2 .5Ez, IE ) , 5 .4 6 -4 .8 0  (m, 4H), 4 .22  (q , J«12Ez,4Hz, IE ), 
3 .6 8  (q , J-12B z, 6Ez, IE ) , 2 .2 0 -2 .0 8  (3 s , 9H).
UV ^  max -  282nm, lo g  £ ■  3*76 (m ethanol).
M d -  - 116. 4°  (ch loroform , 0. 22g / l 00m l).
3. 4-d in i t ro p h e n y l  G  -D -xylopyranoside  
3 ,4 -D in itro p h e n y l tr i-_ 0 -ace ty l-^ 3  -3 -x y lo p y ran o sid e  ( lg )  was 
de—O^-aoetylated by th e  method o f  Zemplen to  g ive  th e  crude a ry l  
xy lo p y ran o s id e  which was r e c r y s t a l l i s e d  from m ethanol. Y ield  0 .5 2 g ,73$. 
mp 142-144°C (phase ohange a t  130-133°C).
A n a ly s is  t C a lcu la te d  f o r  C^E^gE^O^ * C, 41*77; H, 3 .8 2 ; E, 8. 88.
Found t C, 41 .7 8 ; E, 3 .8 7 ; R, 8.55*
IR  Bo a c e ta te s  p re s e n t .  V  "  3600-3100, 0-E; 1615cm"1, a ro m atic , 
m r  (p y r id in e -d ^ ) ,  £ ■  8 .0 0  (d, J«8.5H z, IB ), 7*58 (d , J-2 .5H z, IE ) ,
7 .3 4  (q , J - 8. 5EZ, 2.5E z, IE ) , 5*74 (d, J« 8flz, IE ), 4 .6 0 - 3 .6 2  (m, 5E). 
(p y rid ine/B gO ), 5  * 5*60 ( s ,  E-O-D).
UV f \m a x  -  282cm, lo g  £ «  3.82 (w ater, pE -5).
- 70. 5°  (w a te r; o , 0. 15g/lOQml).
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3 i 4 -d in i/tro p h en y l 2—aoetam ido-2-deoxy- Q -3 -g lu co p y ran o sid e
A sample o f  t h i s  m a te r ia l  was p repared  by H. C u th b ert. I t  had 
th e  fo llo w in g  c h a r a c te r i s t i c s :  
mp 138-139°C
A n a ly s is :  C a lcu la te d  f o r  CgH ^R^O ^: C, 43 .42 ; H, 4*42; R, 10 . 85. 
Found:; C, 43 .02 ; H, 4*59; R, 10 .79 .
4 - n itro p h e n y l ^3 -3 -g lu co p y ran o sid e
T his compound was sy n th es iz ed  by th e  methods a lre a d y  d e sc r ib e d . 
A cetobrom o-glucose (5g)> 4-n itro p h e n o l (2 . 5g ) and potassium  
ca rb o n a te  (2 .5 g ) were s t i r r e d  to g e th e r  i n  50ml d ry  ace to n e . A fte r  
4 days th e  r e a c t io n  m ixture was poured in to  200ml ic e -w a te r , e x tra c te d  
w ith  4 x  100ml ch loroform , d r ie d  over magnesium s u lp h a te , f i l t e r e d  and 
th e  s o lv e n t removed under reduced p re s su re . The m a te r ia l  was r e -  
c r y s t a l l i s e d  from e th a n o l. Y ie ld  3 .8g , 67$. mp 176°C ( l i t .  (139) 174- 
176°C).
rmr (0301^), S * 8 .14  (d, J«8Hz , 2H), 7*56 (d , J-8H z, 2H),
5 * 4 ^4 * 6 6  (m, 4 3 ) , 4 .2 8 —4.14  (m, 2H), 3*94—3.68  (m, 1H), 2 . 2 0 -2 .0 0  
(4s ,  12H).
4 -R itro p h en y l te t r a -0 -a c e ty l -^ 3  -g -g lu co p y ran o sid e  ( lg )  was de-O - 
a c e ty la te d  by th e  method o f Zemplen to  g ive  a  w hite  p ro d u c t.
Y ie ld  0 .46g , 73$. mp 164- 165°C. ( l i t .  (139) 164~165°C). 
nmr (d ^ .-p y rid in e ), 8  ■ 8 .0 8  (d, J« 8Hz,: 2H), 7*74 (d , J* 8Hz, 2H),
5 .4 9  (d , J« 8Hz, 1H), 4 .6 4 -3 .9 4  (m, 6H).
(p y rid ine/R gO ), 8  » 5*56 (s , B -0 -3 ).
4—n itro p h e n y l 2—deoxy—f?> — 3 -g luoopyranoside
A sample o f  t h i s  m a te r ia l  was a ls o  p rep ared  by M. C u th b e rt.
I t  had mp 165—166°C ( l i t .  (140 ) 167—169 C).
A n a ly s is :  C a lcu la te d  f o r  ^ 2 ^ 1 5 ^ 7 *  ^ 9 ^  5*30; R> 4*91*
Found: C, 50*73; H, 5*63; R, 5*48.
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P n e p a ra tio n  o f  an A f f in i ty  Column S p e o if ic  f o r  ^ 3 -G lu c o s id a se s  
C u a tre c a sa s ( l4l ) h a s  p u r if ie d  a  y 0 -g a la c to s id a se  by a f f i n i t y  
chrom atography. The column was p repared  by c o v a le n tly  l in k in g  a 
s p e c i f ic  i n h ib i to r  to  an  agarose  m a trix . A sp ac e r arm was re q u ire d  
to  a f f e c t  b in d in g  o f th e  enzyme to  th e  column. U sing th e  methods 
Shah and B a h l( l4 2 ) f o r  th e  p re p a ra t io n  o f th e  lig a n d  and a commercial 
a f f i n i t y  chrom atographic p ro d u c t, A ffi-G el 10, an  a f f i n i t y  column 
s p e c i f ic  f o r  jS  -g lu c o s id a se s  was c o n s tru c te d .
4 - n itro p h e n y l te tra -O -a c e ty l-^ B -P -th io g lu c o p y ra n o s id e
The sodium s a l t  o f  4-E itro th io p h e n o l was p repared  by a com bination  
o f  th e  methods d e sc rib e d  by Waldron and R eid(143 )and Vogel (144 ) .
4 -C h io ro n itro b en zen e  (l5 7 g ) *as suspended in  e th an o l (150ml) and 
sodium d isu lp h id e  (p repared  from sodium su lp h id e  and su lp h u r; llO g ) 
s lo w ly  added and l e f t  to  s t i r  f o r  5 m inu tes. The d a rk  red  s o lu t io n  
was added to  2 l i t r e s  o f ic e -w a te r  and th e  u n re a c te d  d ia r y l  d isu lp h id e  
f i l t e r e d  o f f .  The red  s o lu t io n  was a c id i f ie d  to  p r e c ip i t a t e  th e  
im pure m ercaptan. T his was f i l t e r e d  o f f  im m ediately  and d is so lv e d  
i n  500ml o f  a b o i l in g  5$ sodium hydroxide s o lu t io n .  The red  s o lu t io n  
was a llow ed to  coo l and a s a tu r a te d  s o lu t io n  o f  sodium hydroxide 
adde to  p r e c ip i t a t e  th e  sodium s a l t .  The th io p h e n o la te  s a l t  p re­
c i p i t a t e d  as  go lden  f la k e s  which were f i l t e r e d  o f f  and d r ie d  i n  a  
vacuum d e s ic o a to r .  Y ield  11Og, 63$.
A cetobrom o-glucose (8g) and sodium 4 -n it ro th io p h e n o la te  (5g) 
were s t i r r e d  to g e th e r  i n  200ml o f  d ry  ace tone  f o r  4 days. The f l a s k  
was f lu sh e d  w ith  n i tro g e n  b e fo re  b e in g  s to p p e red . A f te r  th e  4 days 
th e  s o lu t io n  was poured in to  300ml ic e -w a te r  and th e  th io g lu c o p y ra n - 
o s id e  e x tra c te d  w ith  4 x  100ml ch loroform , d r ie d  over anhydrous 
magnesium s u lp h a te , f i l t e r e d  and th e  so lv e n t removed on a  r o ta r y  
e v a p o ra to r . The crude th io g lu co p y ran o sid e  was r e c r y s t a l l i s e d  from
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m ethanol to  g ive  p a le  ye llow  n eed le s . Y ield  7 .2 g , 76$ . mp l 84- l 85°C. 
A n a ly s is :  C a lcu la te d  f o r  c20H23IIOi i S8 c> 49*49; H, 4.785  K, 2.895  S, 6 .5 9 .
Pound: C, 49.225  H, 4.775  2.835  S, 6 . 81.
IB  V  ■ 1750, C-O5 l600cm“ \  a ro m atic , (K u jo l).
nmr (CDCl^), £  -  8 . I 4 (d , J - 8. 5HZ, 2H), 7 .57 (d, J«8.5H z, 2H),
5 .3 8 -4 .7 6  (m, 4H), 4 .2 8 -4 .1 5  (m, 2H), 3 .9 4 -3 .7 0  (m, 1H),
2 .2 0 -2 .0 0  (4s ,  12H).
UV A  max » 313n s , l o g £ -  3*97 (m ethanol).
-35*5° (ch loroform , 1 .2g/lO C tal).
4-n i t ro p h e n y l p  -D -th io g lu co p y ran o sid e
The p e ra c e ty la te d  th io g lu o o p y ran o sid e  (5g) was de-jO -ace ty la ted  
“by th e  method o f  Zemplen as f o r  Ac34^NPQ^ to  g ive th e  crude p roduct 
which was r e c r y s t a l l i s e d  from 1:4  m ethano l/w ater to  g iv e  p a le  ye llow  
n e e d le s . Y ie ld  3 .12g , 95*5#* mp 165-167°C.
A n a ly s is :  C a lcu la te d  f o r  C ^ H ^ N O ^ S ^ O ): 0, 4 2 .9 9 ; H* 5*11; 4*18;
S, 9 .55 .
Found: C, 42*95; E, 5*18; R> 3. 89 ; S, 10 .57 .
IR  Jjfo a c e ta te s  p re s e n t. S) » 3600-3100, O-H5 1600cm \  a ro m atic , 
nmr (p y r id in e -d ^ ) , S ■ 8.06  (d, J* 8 . 5Hz, 2H), 7*76 (d , J«=8. 5Hz, 2H), 
7 . 00- 4*80  (broad s i n g l e t , 4 0-H), 5*48 (d, J » 9 1 H ) ,  4*66-3*94 (m, 6H). 
UV A  max « 312ns, lo g  8 -  3 .95 ( l * l  m e th an o l/w a te r) .
M b -  - 113°  (1:1  m ethano l/w ater, 0. 42g / l 00m l). 
4-am i no phery  1^/3 — R -th io g lu co p y ran o sid e  
4 -K itro p h en y l -JD -th iog lucpyranoside ( lg )  and p a lla d iu m / 
barium  su lp h a te  c a ta ly s t  were s t i r r e d  in  m ethanol (150m l) under 
1 atm osphere o f  hydrogen f o r  18 ho u rs . F i l t r a t i o n  th rough  c e l i t e  
aid. rem oval o f  th e  m ethanol u n ie r  reduoed p re s su re  a ffo rd e d  th e  
crude amine. T his was r e o r y e ta l l i s e d  from n-p ropano l to  p a le
gray  e i y s t a l s .  Y ie ld  0 . 38g, 42$. mp 144-145°C. ( l i t .  (145) 147-148°C).
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A n a ly s is :  C a lc u la te d  f o r  C^gH^EO^Sr C, 50*16; H, 5*96; H, 4*87; S, 1 1 .1 6 , 
Pound: C, 5 0 .3 6 ; H, 6 .2 3 ;  E, 4 . 88 ; S, 1 1 .3 6 .
nmr ( p y r id in e - d ^ ) ,  §  «* 7*78 (d.» J= 8 .5H z, 2H), 6 .6 2  (d , J -8 .5 H z , 2H), 
5 .0 0  (d , J « 8Hz, I E ) ,  4*60-3*58 (m, 6H ).
The s u p p o rt  m a tr ix  f o r  th e y o - th io g lu c o p y r a n o s id e  l ig a n d  was 
A ff i-G e l  10 (B io-B ad L a b o r a to r ie s ) .  A f f i -G e l  10 i s  a n  B -hydroxy- 
su c c in im id e  e s t e r  o f  s u o o in y la te d  am in o a lk y l a g a ro se  s u p p o r t .  The 
s p a o e r  arm i s  an ch o red  to  th e  m a tr ix  by an  e t h e r  l in k a g e . The 
s t r u c t u r e  o f  th e  l ig a n d  i s  shown i n  F ig u re  11.
From th e  d a ta  s u p p lie d  w ith  th e  g e l  i t  was c a lc u la t e d  t h a t  th e  
amount o f  bound l ig a n d  f o r  each  gram o f  g e l  would be 1 4 0 yvmoles.
4 -A m inopheiy l -B - th io g lu c o p y ra n o s id e  (60ng, 210yuM) was
d is s o lv e d  i n  25ml 0.1M p h o sp h a te  b u f f e r ,  pH 7* T h is  s o lu t io n  was 
added to  A ff i-G e l 10 ( l g )  and th e  g e l  sh ak en  f o r  24 h o u rs . The 
i n i t i a l  a d d i t io n  was c a r r i e d  o u t a t  4°C. A f te r  c o u p lin g  was co m ple te  
th e  s lu r x y  was poured  in t o  a  colum n ( l . 6cm x  20cm) and washed w ith  
1M sodium  c h lo r id e  s o lu t io n  u n t i l  th e  ab so rb an ce  a t  260nm reach ed  
b a s e l in e .  T h is  in d i c a t e s  rem oval o f  th e  B -hydroxysuccin im ide  
r e le a s e d  d u r in g  c o u p lin g .
IR  \ )  m 3600-3100, O-H and B-H; 1600c e T \  a ro m a tic .
E xchangeable  p ro to n s  a t 7*20 and6 .32  $ .
XJV c \ max -  252nm, lo g £ *  2 .9 5  (“w a te r , pH -5). 
[ 0 £ ] p  « -4 3 °  (1 :1  m e th a n o l/w a te r ; 0 . 14g / l 0(toil). 
A f f i n i t y  colum n
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ENZYME PURIFICATION 
The ch ro m ato g rap h ic  colum ns u sed  i n  th e  enzyme p u r i f i c a t i o n  
p ro c e d u re s  w ere o b ta in e d  from  Pharm acia  F in e  C hem icals and w ere 
f i t t e d  w ith  w a te r  ja c k e ts *  Diagram  1 shows th e  colum n a rran g em en t 
f o r  th e  enzyme f r a c t io n a t io n s #  The enzyme s o lu t io n  to  be s e p a ra te d  
was poured  i n t o  th e  s y r in g e  b a r r e l#  By means o f  th e  4-way v a lv e  
and th e  flo w  a d a p to r  th e  s o lu t io n  was p la c e d  d i r e o t l y  o n to  th e  
colum n p ack in g . The e lu e n t  was a llo w ed  to  p a ss  th ro u g h  th e  colum n 
by  tu r n in g  th e  v a lv e  b ack  a g a in .
The ab so rb an ce  a t  280nm o f  th e  e f f l u e n t  was c o n t in u o u s ly  moni­
to r e d  by a  C e c il  CE 212 V a r ia b le  W avelength  U l t r a v i o l e t  M on ito r. 
F r a c t io n s  were c o l l e c te d  and s to r e d  a t  4°C u n t i l  r e q u ir e d .
E lu e n t b u f f e r  was n o rm a lly  0.06M a c e t a t e .  T h is  was p re p a re d  
by a d d i t io n  o f  sodium h y d ro x id e  to  a  0.06M a c e t i c  a c id  s o lu t io n  
u n t i l  th e  pH was 5* A c e ta te  b u f f e r  u sed  f o r  a ssa y  and k i n e t i c  
s tu d ie s  was such  t h a t  th e  io n ic  s t r e n g th  was 0.1M.
umn Arrangement for Fractionation 
Enzymes
Reservoir
Syringe
Barrel
4-way valve
UV Monitor
D iagram 1
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C e llu la se  Enzyme Assays
A c t iv i ty  tow ards c a rb o x y m e th y lc e llu lo se  (CMC)
A s o lu t io n  o f  c a rb o x y m e th lc e llu lo s e  was p re p a re d  a s  fo l lo w s .
CKC (5«lg)>  low v i s c o s i t y  w ith  d eg ree  o f  s u b s t i t u t i o n  0 .7 - 0 .8  (BDH), 
was d is s o lv e d  i n  35Qml o f  w a te r  a t  90°C  o v e r  a  p e r io d  o f  2 h o u rs . 
When th e  s o lu t io n  was c o o l 100ml o f  0.5M c i t r a t e  b u f f e r  ( c i t r i c  
a c id  (4*375g) and sodium c i t r a t e  ( l 2 . 25g ) i n  100ml w a te r )  was added . 
O lucose ( 0 . 05g ) was a ls o  added and th e  s o lu t io n  made up  to  
T h is  g iv e s  V$> CKC, 0 . IK c i t r a t e  b u f f e r  pH 5 and 0. lm g/m l g lu c o se . 
T h is  g lu c o se  com pensates f o r  th e  d e s t r u c t i o n  o f  re d u c in g  s u g a r .
F ig u re  12 shows th e  i d e a l i s e d  s t r u c t u r e  o f  c a rb o x y m eth y l- 
c e l l u lo s e  w ith  DS 0.75*
The amount o f  re d u c in g  s u g a r  p re s e n t  was d e te rm in e d  by th e  
m e th o d .o f K i l l e r  .e t a l .  (146 ) .
The re a g e n t  was made up  a s  fo llo w s  
3 ,5 ” K-Di ‘t r o s a l i c y l i c  a c id  (5g)> pheno l ( l g ) ,  sodium s u lp h a te  ( 0. 25g ) 
and p o ta ss iu m  sodium  (+) t a r t r a t e  (lOOg) w ere d is s o lv e d  i n  a  2$ 
sodium  h y d ro x id e  s o lu t io n  (25&1I )  and th e  s o lu t io n  made up  to
The amount o f  re d u c in g  s u g a r  p re s e n t  was d e te rm in ed  by ta k in g  
2ml o f  th e  s o lu t io n  to  be a n a ly se d  and a d d in g  3ml o f  th e  d i n i t r o -  
s a l i c y l i c  a c id  re a g e n t (DESA), h e a t in g  th e  s o lu t io n  i n  b o i l i n g  
w a te r  f o r  15 m in u te s  and th e n  m easu rin g  th e  ab so rb an ce  a t  640nm.
A c a l i b r a t i o n  cu rv e  was o b ta in e d  by p re p a r in g  s ta n d a rd  
s o lu t io n s  o f  g lu c o se  o v e r  th e  ran g e  0-lm g re d u c in g  su g a r /m l and 
m easu rin g  th e  ab so rb an ce  o f  th e  s o lu t io n  a t  640nm a f t e r  t r e a tm e n t 
w ith  th e  DESA re a g e n t .  From F ig u re  13 i t  c a n  be se e n  t h a t  t h i s  
gave a  d i r e o t  r e l a t i o n s h i p  o v e r  t h i s  ra n g e . The re d u c in g  power o f  
th e  carb o sy m eth y l c e l l u lo s e  s o lu t io n  was d e te rm in ed  to  be 0 . Q2mg/ml 
(a s  g lu c o s e ) .  The enzyme a ssa y  was c a r r i e d  o u t a t  room te m p e ra tu re .
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F o r  enzyme a s s a y s ,  1ml o f  th e  CMC s o lu t io n  was p la c e d  i n  a  
10ml o o n ic a l  f l a s k  and 1ml o f  th e  enzyme s o lu t io n  added . T h is  was 
in c u b a te d  f o r  a  s p e c i f i c  tim e  ( u s u a l ly  15 m in u te s ) , t r e a t e d  w ith  
th e  DKSA re a g e n t  and th e  ab so rb an ce  m easured . From th e  c a l i b r a t i o n  
cu rv e  th e  amount o f  re d u c in g  s u g a r  p roduced  co u ld  be d e te im in e d .
The u n i t s  o f  CKC-ase a c t i v i t y  a r e  g iv e n  i n  j -t m oles re d u c in g  s u g a r  
produced/A ^gQ  /m in u te . (A bsorbance o f  th e  enzyme i s  b e fo re  d i l u t i o n ) .  
A c t iv i t y  tow ards A v ic e l (M ic r o c r y s ta l l in e  c e l l u lo s e )
A v ic e l-h y d ro ly s in g  a c t i v i t y  was a ssa y ed  by m easu rin g  th e  amount 
o f  re d u c in g  s u g a r  p roduced  from  A v ic e l (FKC C o rp o ra tio n , A m erican 
V isc o se  D iv is io n , Marcus Hook, P e n n sy lv a n ia ) . The r e a c t io n  m ix tu re  
o o n ta in e d  70mg o f  A v ic e l,. 3ml o f  0 . 1M a c e t a t e  b u f f e r ,  pH 5> 1ml 
o f  th e  enzyme s o lu t io n .  The m ix tu re  was in c u b a te d  a t  30°C f o r  
7 day s’, th e n  f i l t e r e d .  To 2ml o f  th e  f i l t r a t e ,  3ml o f  th e  DKSA 
re a g e n t  was added and th e  m ix tu re  h e a te d  i n  b o i l i n g  w a te r  f o r  
15 m in u te s , c o o le d  and th e  ab so rb an ce  re a d  a t  640nm.
One u n i t  o f  •A v icelase*  a c t i v i t y  was d e f in e d  a s  yum oles 
r e d u c in g  s u g a r  produced/A^gQ /d a y . 
jB -Q lu o o s id a se  a c t i v i t y
T h is  was d e te rm in ed  u s in g  3 > 4 -d i n i t r o  pheny l j3  -D -g lu o o p y ran o s id e  
a s  s u b s t r a t e .  A s to c k  s o lu t io n  o f  2 x  10"^M g lu c o s id e  was made up  
i n  0.1M a c e t a t e  b u f f e r ,  pH 5 .  100^(1 was added to  th e  enzyme s o lu t io n
i n  a  10mm UV c e l l .  The ab so rb an ce  a t  400nm was m easured on th e  
C e c il  CE 212 V a r ia b le  W avelength  U l t r a v i o l e t  M on ito r. The o u tp u t 
was c o n n ec ted  to  th e  c h a r t  r e c o rd e r ,  g iv in g  a  g rap h  o f  ab so rb an ce  
a t  400nm a g a in s t  t im e . From th e  g rap h  th e  J3 - g lu c o s id a s e  a c t i v i t y  
c a n  be  m easured from  th e  i n i t i a l  s lo p e . The 8^ — g lu c o s id a s e  
a c t i v i t y  i s  g iv e n  i n  p in o le s  3 , 4- d in i t r o p h e n o l  p r o d u c e d ^ / m i n u t e .  
The te m p e ra tu re  i n  th e  UV o e l l  cham ber was betw een  20  and 25 C.
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A c t iv i ty  tow ards 3*4 -d jn i t r o p h e n y l  c e l lo - o l ig o s a c c h a r id e s
An a s s a y  u s in g  th e  s e r i e s  o f  a r y l  g ly c o s id e s  was c a r r i e d  o u t a s  
fo l lo w s •
c e l l o t r i o s i d e  and 3 ,4 - d in i t r o p h e n y l  - c e l l o t e t r a o s i d e  w ere made up  
i n  0.1M a c e ta te  b u f f e r ,  pH 5* 200yn l o f  th e  enzyme s o lu t io n  to  he 
a ssa y e d  was added to  2 .3m l o f  0 . 1M a c e ta te  b u f f e r ,  pH 5> i n  a  10mm 
UV c e l l*  lOOynl o f  th e  s to c k  s o lu t io n  o f  th e  a r y l  g ly c o s id e  was 
added and a  g rap h  o f  th e  ab so rb an ce  a t  400nm a g a in s t  tim e , w hich 
i n d i c a t e s  th e  r a t e  o f  r e l e a s e  o f  3 * 4 -< iin itro p h e n o l from  th e  g ly c o s id e , 
o b ta in ed *  T h is  was done f o r  each  s u b s t r a t e  i n  t u r n  and th e  g rap h s  
superim posed* The te m p e ra tu re  o f  th e  c e l l  cham ber was 20  -  25°C. 
Y isc o m e tr ic  a s s a y
The Vfo c a rb o x y m e th y lc e llu lo s e  s o lu t io n ,  pH 5 d e s c r ib e d  e a r l i e r  
was u se d  i n  th e  v i s c o s i t y  s tu d i e s .
CMC s o lu t io n  (40m l) was poured  i n t o  a n  U bbelohde 
c a p i l l a r y  v is c o m e te r  and th e  enzyme s o lu t io n  (0 .2 5 - l .Q m l)
S to c k  s o lu t io n s  (2 x  10"^M) o f  3 ,4 - i i n i t r o p h e n y l  J3 -I^ -g lu o o - 
p y ra n o s id e , 3 ,4 -^ in d tro p h e n y l  p - c e l l o b i o s i d e ,  3 ,4 - d in i t ro p h e n y l
to  be a s sa y e d , added*
was m easured a s  a  f u n c t io n  o f  tim e and th e  r e s u l t s
graphed* The s p e c i f i c  v i s c o s i t y  was d e te rm in ed  from
w here t  ■ tim e  f o r  th e  CMC s o lu t io n  to  p a ss  down
U bbelohde
V isco m e te r
t  « tim e  f o r  a n  e q u iv a le n t  s o lu t io n  o f  th e
th e  e q u a tio n
o
monomer, i n  t h i s  c a s e  a  1$ g lu c o se  s o lu t io n ,  to  p a ss  th ro u g h  th e
same c a p i l la r y *  T h is  r e a c t io n  was perfo rm ed  a t  room tem p era tu re*
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P u r i f i c a t i o n  o f  th e  Enzymes
Commercial c e l l u l a s e  from  T richoderm a v i r i d e  (B .D .H .) was 
e x t r a c te d  w ith  0 .06H  a c e ta t e  b u f f e r ,  pH 5 ( l g  i n  30ml)* The e x t r a c t  
was f i l t e r e d  th ro u g h  a  s in t e r e d  g la s s  f i l t e r *  T h is  gave th e  i n i t i a l  
c ru d e  c e l l u l a s e  s o lu tio n *  I t s  a c t i v i t y  a g a in s t  c e l l u l o l y t i c  
s u b s t r a t e s  i s  shown i n  T ab le  5 #
Prom th e  r a t e  o f  r e l e a s e  o f  3 ,4 - i i n i t r o p h e n o l  from  th e  a r y l  
g ly c o s id e s  i t  c an  be se e n  t h a t  th e  c ru d e  c e l l u l a s e  s o lu t io n  i s  r i c h  
i n  ^ - g l u c o s i d a s e  a c t i v i t y .  The r e l e a s e  o f  th e  pheno l from  34DNPG2 
and 34U1JPG  ^ shows an in d u c t io n  p e r io d . T h is  p resum ably  o c cu rs  
b e ca u se  y3  —g lu c o s id a s e s  remove g lu c o se  u n i t s  from  th e  n o n -re d u c in g  
end o f  th e  c e l lo - o l ig o s a c c h a r id e  c h a in . Only w ith  34UNPG^ i s  th e r e  
no d i s c e r n ib l e  in d u c t io n  p e r io d .  I f  o n ly  y ^ -g lu c o s id a s e s  were 
p r e s e n t  th e  a r y l  g ly c o s id e  bond o f  34DHPG2 sh o u ld  be h y d ro ly se d  
b e fo re  34UHPG^ b u t  a s  c an  be se e n  from  th e  g rap h  t h i s  i s  n o t so . 
C le a r ly  a n o th e r  enzyme ( o r  enzym es) i s  p re s e n t  w hich r e q u i r e s  more 
th a n  two g lu c o se  . u n i t s  i n  th e  c h a in  f o r  optimum s u b s t r a te  
p r o p e r t i e s .  T hese r e s u l t s  a r e  shown i n  F ig u re  14*
DKAE-Sephadex A-25 colum n chrom atography
F ig u re  15 shows th e  r e s u l t  from chrom atography o f  th e  enzyme 
a f t e r  g l a s s - f i l t r a t i o n .  The c ru d e  c e l l u l a s e  s o lu t io n  (25m l) was 
a p p l ie d  to  a  colum n (2.6cm  x 70cm) o f  DEAE-Sephadex A-25 (P harm acia  
F in e  C hem ica ls) e q u i l i b r a t e d  w ith  0*06K a c e ta te  b u f f e r ,  pH 5* The 
colum n was e lu te d  a t  a  r a t e  o f  lm l/m in u te  w ith  th e  same b u f f e r .  A 
s a l t  g r a d ie n t  was a p p l ie d  a s  shown i n  th e  d iagram  to  e lu te  th e  more 
t i g h t l y  bound enzym es. The f r a c t i o n s  F I to  FVTI, a s  shown i n  th e  
d iag ram , w ere a ssa y e d  tow ards th e  v a r io u s  c e l l u l o l y t i c  s u b s t r a t e s .
The r e s u l t s  a r e  shown i n  T ab le  5*
From th e  g rap h  o f  ab so rb an ce  a t  400nm a g a in s t  tim e  f o r  th e
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TABLE 5
CELLULASE ACTIVITIES IN  EACH FRACTION AFTER DEAE-SEPHADEX A-25 
CHROMATOGRAPH! OF THE CRUDE
Crude F I F I I F i l l FIV FV F 7 I
A v ic e la s e 1 .4 8 0 .9 1 0 .6 0 .6 6 0 .0 8 0 .44 0.17
CMCase 0 .3 9 0 .6 0 1 .7 4 3 .6 1 0 .5 1 0 .2 0 0 .2 3
j3-G lu c o s id a s e 1 .7 7 5 .8 8 6 .0 0 2 .6 7 - - 0 .4 0
/3 -C e llo - 0 .1 0 3 .6 8 1 .25 — — — 0 .2 4
te t r a o s id a a ©
TABLE 6
CELLULASE ACTIVITIES IN  EACH FRACTION AFTER SEPHADEX 0-75 
CHROMATOGRAPHY OF FRACTION F I
F I FIA FIB FIC FID FIE
A v ic e la s e o ; 9 i 0 .0 9 0 .3 4 0 .1 1 - -
CMCase 0 .6 0 3 .86 O.9 2 0 .4 9 2 .6 6 0 .02
p -G lu c o s id a s e 5 .8 8 3 9 .0 9 .54 1 .0 1 1 .0 0 -
p - C e l l o t e t r a o - 3 .6 8 O.4 8 1 .3 7 6 .9 1 0 .8 8
s id a s e
TABLE 7
cellotetraosidase/ glucosidase a c t iv it ie s  for  each fra ctio n
AFTER RECHROMATOGRAPHY ON SEPHADEX 0-75 OF FRACTION FIC
F IC i F IC ii  F I C i i i  F IC iv  FICv FIC vi F IC v ii
/3 - C e l lo te t r a o s id a s e
 :-----------------------  0 .9 4  1 .7 9  9*98 1 8 .1  9 . 5 O 6 .9 2  3 .45
fi-G lu c o s id a s e
r e a c t i o n  o f  th e  a r y l  g ly c o s id e s  w ith  f r a c t i o n  F I , i t  c an  he see n
t h a t  34DIM 2 s t i l l  shows an  in d u c t io n  p e r io d  h u t  now 34DKPG  ^ does
not* The m ost im p o r ta n t enzyme i n  t h i s  f r a c t i o n  i s  s t i l l  a
^ - g l u c o s i d a s e .  T h is  i s  shown i n  F ig u re  16.
Sephadex G-75 column chrom atography
F r a c t io n  F I was ly o p h i l i s e d  and th e  ly o p h i l i s e d  powder
d is s o lv e d  i n  10ml o f  0 . 06M a c e t a t e  b u f f e r ,  pH 5* T here  was a lm o s t
no lo s s  o f  a c t i v i ty *  T h is  was a p p l ie d  to  a  column (2.6cm  x  70cm)
o f  Sephadex G-75 (P harm acia  F in e  C hem ica ls) e q u i l ib r a t e d  w ith  0 . 06M
a c e ta t e  b u f f e r ,  pH 5* F ig u re  17 shows th e  r e s u l t  o f  t h i s
f r a o t i o n a t i o n .  F r a c t io n s  FIA to  FIE were a ssa y e d  tow ards th e
c e l l u l o l y t i o  s u b s t r a t e s .  The r e s u l t s  a re  shown i n  T ab le  6 . From
th e  g rap h  o f  a b so rb an ce  a t  400nm a g a in s t  tim e  f o r  th e  r e a c t io n  o f
f r a c t i o n  FIC w ith  th e  a i y l  g ly c o s id e s ,  i t  c an  be se e n  t h a t  th e  a r y l
g ly c o s id e  bond o f  34DNPG. i s  now h y d ro ly se d  f a s t e r  th a n  t h a t  o f
4
34EHPG^. T h is  c l e a r l y  shows t h a t  an  enzyme o th e r  th a n  a  j3  - g lu c o s id -  
a s e  i s  p r e s e n t  i n  t h i s  f r a c t i o n .  T h is  i s  shown i n  F ig u re  18. 
R echrom atography on Sephadex G-75
F r a c t io n  FIC was ly o p h i l i s e d  and th e  ly o p h i l i s e d  powder d is s o lv e d  
i n  10ml 0.06M a c e t a t e  b u f f e r ,  pH 5* T h is  was a p p l ie d  to  th e  same 
Sephadex G-75 colum n a s  above. F ig u re  19 -shows th e  r e s u l t  o f  r e -  
chroma t  ography  o f  FIC . F r a c t io n s  o f  10ml w ere c o l l e c te d  and l a b e l l e d  
F IC i to  F IC v ii .  T ab le  7 shows th e  r a t i o  o f  a c t i v i t i e s  o f  th e  
v a r io u s  enzyme f r a c t i o n s  tow ards 34DNPG  ^ a » i  34P^G ^* As can  be 
s e e n  f r a c t i o n  F IC iv  shows an  18 f o ld  in c r e a s e  i n  a c t i v i t y  tow ards 
th e  a r y l  c e l l o t e t r a o s i d e  compared w ith  th e  g lu co s id e*  To remove th e  
y3 - g lu c o s id a s e  f r a c t i o n ,  f r a c t i o n  F IC iv  was p a ssed  th ro u g h  an  a f f i n i t y  
colum n s p e c i f i c  f o r  / 3 - g lu c o s id a s e s .
-  90 -
A f f i n i t y  chrom atography
The a f f i n i t y  column u se d  was t h a t  d e s c r ib e d  i n  th e  P r e p a ra t iv e  
E x p e rim en ta l se c tio n *
To he s u re  t h a t  th e  colum n was s p e c i f i c  f o r  ^  —g lu c o s id a s e s ,  a  
sam p le  o f  f r a c t i o n  P I was p a sse d  th ro u g h  th e  column* The column was 
e q u i l i b r a t e d  w ith  0.06M a c e ta te  b u f f e r ,  pH 5* By means o f  th e  4” w3y  
v a l v e , f r a o t i o n  P I (2m l) was a p p l ie d  to  th e  colum n and e lu te d  w ith  th e  
same b u f f e r .  The colum n was s u c c e s s iv e ly  e lu te d  w ith  0 . 2M g lu c o se , 
pH 5 a»d 0.2M c e l lo b io s e ,  pH 5* The r e s u l t  i s  shown i n  F ig u re  20.
The g lu c o se  s o lu t io n  was g iv e n  tim e to  e q u i l i b r a t e  b e fo re  b e in g  
u sed  b u t ,  a s  c a n  be se e n , was i n e f f e c t i v e  i n  rem oval o f  th e  enzyme. 
E lu t io n  o f  th e  column w ith  c e l lo b io s e  s o lu t io n  caused  g ra d u a l r e l e a s e  
o f  th e  enzyme a s  m easured by i t s  ab so rb an ce  a t  280rm. When th e  
colum n was e lu te d  w ith  1M sodium  c h lo r id e ,  pH 5 in s t e a d  o f  c e l l o ­
b io s e  s o lu t io n  th e  enzyme was r e le a s e d  from  th e  column i n  a  sm a ll 
vo lum e. The p r o t e in  w hich p a sse d  th ro u g h  th e  column showed l i t t l e  
a c t i v i t y  tow ards 3,4 -< l in i t ro  pheny l J3  -B - g lu e  opyra no s id e  compared 
w ith  th e  o r i g i n a l  f r a c t i o n .  The enzyme e lu te d  w ith  c e l lo b io s e  
cau sed  h y d ro ly s is  o f  th e  a r y l  g lu c o p y ra n o s id e  b u t  th e  a c t i v i t y  was 
somewhat red u ced . T h is  red u ced  a c t i v i t y  i s  p resum ably  cau sed  by 
c e l lo b io s e  a c t i n g  a s  a  com peting  s u b s t r a t e .  The colum n th e r e f o r e  
a c t s  a s  an  a f f i n i t y  colum n f o r  y3 - g lu c o s id a s e s .
The colum n was re g e n e ra te d  by  e l u t i n g  w ith  0 . 06M a c e ta te  
b u f f e r ,  pH 5*
F r a c t io n  P IC iv  (10m l) was a p p l ie d  to  th e  column and e lu te d  
w i th  th e  a c e t a t e  b u f f e r .  The m a jo r i ty  o f  th e  p r o te in  p a ssed  th ro u g h  
th e  colum n and, on e l u t i o n  w ith  0 .2M o e l lo b io s e ,  a  sm a ll amount o f  
^ 3 — g lu c o s id a s e  was r e le a s e d .  T h is  c an  be s e e n  i n  F ig u re  21. The 
enzyme f r a c t i o n s  w ere l a b e l l e d  F lC iv *  and F lC ii^J r e s p e c t iv e ly .
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TABLE 8
CELLULASE ACTIVITIES OP FRACTION FICivoc
Avicelase -
CMCase 0*68
jS-Glucosidase 0.078
3^-Cellotetraosidase 10.4
- C e l lo t e t r a o s id a s e
^ - G lu c o s id a s e
133
TABIiE 9
PURIFICATION OF CELLULASE E l FROM TRICHODEHMA VIRILE 
P u r i f i c a t i o n  S te p  A c t iv i ty  tow ards 34DKPG^
1 . Crude 0 .1 0  ( l )
2 . DEAE-Sephadex A-25 3 .6 8  (3 6 .8 )
3 . Sephadex G-75 6 .9 1  (69*l )
4 . R echrom atography 
on  Sephadex G—75
5 . A f f i n i t y  colum n 10*40 (1 0 4 )
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P r o te in  p eak  FICiv<x was d e s ig n a te d  a s  C e l lu la s e  E l .  C e l lu la s e  
E l  was a ssa y e d  tow ards th e  v a r io u s  c e l l u l o l y t i c  s u b s t r a t e s .  The 
r e s u l t s  a r e  shown i n  T ah le  8 and F ig u re  22.
Enzyme P u r i ty  l )  SDS-Gel E le c t r o p h o r e s is  (1 4 7 ).
The p u r i f i e d  c e l l u l a s e  was s u b je c te d  to  e le c t r o p h o r e s i s  i n  
p o ly a c ry la m id e  g e l (7*5$* w/ v )  i n  th e  p re se n c e  o f  sodium dodecy l 
s u lp h a te  (SDS) b u f f e r ,  pH 6 .6 .  The p r e - c a s t  g e l  was o b ta in e d  from  
b io —Had L a b o ra to r ie s  and m easured 5 * 5 ^  x  100mm.
The p r o t e in  was m ired  w ith  g ly c e r o l ,  SDS b u f f e r  and brom ophenol 
b lu e  (B io-H ad L a b o r a to r ie s ) .  Bromophenol b lu e  a c te d  a s  t r a c k e r  dye. 
The sam ple ( lO O ^ l )  was a p p l ie d  to  th e  to p  o f  th e  g e l .  E le c t r o ­
p h o r e s is  was co n d u cted  a t  a  c o n s ta n t  c u r r e n t  o f  12mA p e r  g e l  f o r  
a b o u t 3 h o u rs . The g e l  was s t a in e d  w ith  Coomassie B r i l l i a n t  B lue 
(B io-H ad L a b o r a to r ie s )  and d e s ta in e d  by s ta n d in g  i n  7*5$ a c e t i c  
a c id ,  5*0$ m eth an o l. The r e s u l t s  showed o n ly  one band to  be p re s e n t  
a t  th e  lo w er end o f  th e  g e l .
2 )  M o lec u la r  S iev e  Chrom atography
C e l lu la s e  E l behaved a s  a  s in g le  p r o te in  on p a ssag e  th ro u g h  
b o th  Sephadex G-75 and Sephadex G-100 colum ns (2.6cm  x  70cm). 
D e te rm in a tio n  o f  M o lecu la r W eight o f  C e l lu la s e  E l
A colum n (2.6cm  x 70cm) o f  Sephadex G-100 was e q u i l ib r a te d  w ith  
0 . 06K a c e ta te  b u f f e r ,  pH 5* The v o id  volume (Vo) o f  th e  colum n was 
e s t im a te d  w ith  B lue D ex tran  2 , 000 (mol. w t. 2 ,0 0 0 ,0 0 0 ; Pharm acia 
F in e  C h em ica ls). The colum n was c a l i b r a t e d  w ith  th r e e  m arker 
p r o te in s  (S igm a); cytochrom e £  (mol. w t. 1 2 ,4 0 0 ) , t r y p s in  (m o l.-w t. 
23*000) and ovalbum in  (m ol. w t. 45*000).
A few m ill ig ra m s  o f  th e  m arker p r o te in s  were d is s o lv e d  i n  
2 .0m l o f  th e  p u r i f i e d  enzyme s o lu t io n ,  a p p l ie d  to  th e  column and 
th e n  e lu te d  w ith  th e  same b u f f e r  a t  a  r a t e  o f  lm l /^ m im te s .  The 
p r o t e in s  w ere lo c a te d  i n  th e  e f f l u e n t  by t h e i r  ab so rb an ce  a t  280rm.
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The e lu t io n  volume (Ve) was c a lc u la te d  from  th e  m id -p o in t o f  
th e  peak* The r e s u l t  i s  shown i n  F ig u re  23* The m o le c u la r  w e ig h t 
o f  c e l l u l a s e  E l was e s t im a te d  to  he ab o u t 1 2 ,000 .
See in t r o d u c t io n  to  *KIHETIC EXFEHIKEBTAL* f o r  th e  co m p u te rised  
m ethods o f  d e te rm in in g  th e  r a t e s  o f  r e a c t io n  u s in g  th e  s p e c tro p h o to -  
m e tr io  s u b s tr a te s *  
pH Optimum
F ig u re  24 shows th e  e f f e c t  o f  pH on th e  h y d r o ly t ic  a c t i v i t y  o f  
c e l l u l a s e  E l tow ards 3 ,4 - d in i t r o p h e r y l  - c e l l o t e t r a o s i d e  a t  40°C* The 
r e l e a s e  o f  th e  phen o l was m easured by i t s  ab so rb an ce  a t  400nm* The 
e x t i n c t i o n  c o e f f i c i e n t  o f  3 j4 -< lin itro p h e n o l a t  th e  v a r io u s  pHs was 
d e te rm in e d  'by a d d in g  20^(1 o f  a  s to c k  s o lu t io n  o f  th e  pheno l to  2 .5m l 
o f  th e  b u f f e r  and m easu rin g  i t s  ab so rb an ce  d i r e c t l y  on th e  Cary 16*
The pH, e x t in c t io n  c o e f f i c i e n t  o f  3 ,4 -d if l i t ro p h e n o l  and th e  r a t e  o f  
h y d r o ly s is  o f  34^KPG^ a re  l i s t e d  i n  T ab le  10.
pH optimum i s  betw een  4*5 and 5*5* The a c t i v i t y  f a l l s  o f f  more 
r a p id ly  on th e  a c id i c  s id e  th a n  th e  b a s ic  s id e  o f  th e  p la te a u . 
T em peratu re  Optimum
A c e ta te  b u f f e r  (2 . .3ml) pH 5*02, I  * 0 .1  was th e rm o s ta t te d  i n  
th e  C ary 16 c e l l  cham ber a t  th e  te m p e ra tu re  u n d e r study* 5jXl o f  th e  
s to c k  enzyme s o lu t io n  was added to  th e  UV c e ll*  The system  was l e f t  
f o r  10 m inu tes  and th e n  20(^1  o f  th e  s to c k  s o lu t io n  o f  34H^G^ added.
F ig u re  25 shows th e  e f f e c t  o f  t h i s  tre a tm e n t on th e  a c t i v i t y  o f  
c e l l u l a s e  E l from  20-70°C . The te m p e r a tu r e / r a te  d a ta  i s  l i s t e d  i n  
T ab le  11.
Optimum te m p e ra tu re  f o r  th e  a c t i v i t y  o f  c e l l u l a s e  E l was found 
to  be 60°C.
Ho lo s s  o f  a c t i v i t y  was o b serv ed  a f t e r  24 h o u rs  a t  40°C.
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TABLE 10
E f f e c t  o f  pH on th e  A c t iv i ty  o f  C e l lu la s e  E l
o
pH 400 ( 3 .4 - d in i t r o p h e n o l )  R ate  (10 M /l / s )
3 . 96a  1000 0 .3 0 1
4 .5 6 a  2780 1 .0 4 6
5 . 01a  5450  1. 061
5 .6 3 a  10500  I .O 64
6 . 3 0  11750  O. 952
7 .0 2 *  13000 0 .4 0 3
a  A c e ta te  b u f f e r  I  -  0 .1  T ■ 40°C.
V
P h o sphate  b u f f e r  I  ■ 0 .1  
TABLE 11
E f f e c t  o f  T em perature  on th e  A c t iv i ty  o f  C e l lu la s e  E l
o ftT em peratu re  ( C) B ate  (10  M / l / s l
20 0.242
30 0 .695
40  1 .1 2 4
5 0  2 .8 0 3
60  3 .7 3 8
70  2. 587
A c e ta te  b u f f e r ,  pH ■ 5*02
ft
Enzyme c o n c e n t r a t io n  ■ 1 .0 4  x  10  M /l.
S u b s t r a te  c o n c e n tr a t io n  ■ 2 .3 8  x  lO ^ M /l .
-  100 -
S u b s t r a te  S p e c i f i c i t y
C e l lu la s e  E l was in c u b a te d  w ith  a  Vjf> x y la n  (^ 3 -1 ,4 -1  in k e d  x y lo se  
u n i t s )  s o lu t io n  and a 1% am ylose (o<- 1 ,4 - 1 in k ed  g lu co se  u n i t s )  s o lu t io n .  
An in c r e a s e  in  th e  amount o f  re d u c in g  su g a r in d ic a te d  enzyme a c t i v i t y .
W ith th e  am ylose s o lu t io n  no h y d ro ly s is  to o k  p la c e  even a f t e r  
in c u b a t io n s  o f  up to  2 h o u rs . W ith th e  x y la n  s o lu t io n  a c t i v i t y  was 
a s  la r g e  a s  t h a t  w ith  carboxym ethy l c e l l u l o s e .  No r e a l  com parison  
can  be made s in c e  a l l  th e  x y lo se  r e s id u e s  o f  th e  x y la n  a re  u n s u b s t i t u te d  
w hereas w ith  CMC th e r e  a re  s u b s t i t u e n t s  on th e  g lu c o se  r in g s  w hich 
w i l l  p ro b a b ly  red u ce  th e  a c t i v i t y .  W ith 3 ,4 -d in i tro p h e n y l^ (3  -  
c h i t o t r i o s i d e  o r  3 > 4 -d in itro p h e n y ly 3  - c h i t o t e t r a o s i d e  a s  s u b s t r a t e s  
u n d e r th e  c o n d it io n s  employed f o r  th e  a ssa y  w ith  34DNPG^ no enzym ic 
r e l e a s e  o f  3 > 4 -d in itro p h e n o l was o b se rv ed .
Randomness o f  C M C -saccharify ing  A c t iv i ty  o f  C e l lu la s e  E l
C e l lu la s e  E l was in c u b a te d  w ith  CMC u n d e r th e  a ssa y  c o n d it io n s  
a l r e a d y  d e s c r ib e d . The d e c re a se  in  v i s c o s i ty  o f  th e  CMC s o lu t io n  by 
c e l l u l a s e  E l i s  compared w ith  t h a t  o f  c e l l u l a s e  E l i .  C e l lu la s e  E l i  
w i l l  be shown to  be an exo- c e l l u l a s e  which rem oves g lu c o se  r e s id u e s  
s u c c e s s iv e ly  from  th e  n o n -re d u c in g  end o f  c e l lo - o l ig o s a c c h a r id e  c h a in s .
The c o n d i t io n s  f o r  th e  v i s c o s i ty  s tu d ie s  a re  such  t h a t  c e l l u l a s e s  
E l and E l i  have th e  same a c t i v i t y  tow ards carboxym ethy l c e l l u l o s e .
The g raph  o f  v i s c o s i t y  a g a in s t  tim e  d u r in g  th e  h y d ro ly s is  o f  CMC by 
c e l l u l a s e s  E l and E l i  i s  shown in  F ig u re  26.
The r e s u l t s  show t h a t  c e l l u l a s e  E l p ro d u ces  a  r a p id  d e c re a se  in  
v i s c o s i t y  i n d i c a t i n g  random c lea v a g e  o f  CMC w hereas c e l l u l a s e  E l i  
s h o w s . l i t t l e  change in  v i s c o s i ty  on h y d ro ly s is  o f  CMC.
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The above r e s u l t s  s t r o n g ly  s u g g e s t t h a t  th e  enzyme i s o l a t e d  
from  th e  com m ercial sam ple o f  a  c e l l u l a s e  e x t r a c t  o f  T richoderm a 
v i r i d e  i s  a  1 ,4  -D -g lu e  an  4 -g lu c a n h y d ro la se  [EC 3 . 2 . 1 . 4 ]* The
enzyme may a l s o  be r e f e r r e d  to  a s  an  e n d o - c e l lu la s e .
-  103 -
The f r a c t i o n  l a b e l l e d  FIA shows a  v a s t  in c r e a s e  i n  j 3  -g lu c o s id a s e  
a o t i v i t y  o v e r  th e  c ru d e . T h is  enzyme f r a c t i o n  was lo o k ed  a t  i n  
o lo s e r  d e t a i l .
Sephadex G-100 chrom atography
F r a c t io n  FIA was ly o p h i l i s e d  and th e  ly o p h i l i s e d  powder d i s ­
s o lv e d  i n  5m l o f  a c e ta te  b u f f e r ,  pH 5* T h is  was a p p l ie d  to  a  column 
(2.6cm  x  70cm ) o f  Sephadex G-100 (P harm acia  F in e  C hem ica ls) 
e q u i l i b r a t e d  w ith  th e  same b u f f e r .  F ig u re  27 shows th e  r e s u l t  o f  
t h i s  f r a c t i o n a t i o n .  T h is  c e l l u l a s e  component was d e s ig n a te d  
c e l l u l a s e  E l i .  The enzyme was a ssa y ed  tow ards th e  v a r io u s  
c e l l u l o l y t i c  s u b s t r a t e s .  The r e s u l t s  a r e  shown i n  T ab le  12.
F ig u re  28 shows th e  r e a c t io n  o f  c e l l u l a s e  E l i  w ith  th e  a r y l  g ly c o s id e s .
The p u r i f i c a t i o n  o f  th e  enzyme i s  sum m arised i n  T ab le  13.
Enzyme P u r i ty  l )  SDS-Gel E le c to p h o re s is  (147)*
C e l lu la s e  E l i  was s u b je c te d  to  th e  same g e l e le c t r o p h o r e t i c  
c o n d i t io n s  a s  f o r  c e l l u l a s e  E l .  A s in g le  band was o b se rv ed .
2 )  M o lec u la r  S iev e  Chrom atography
C e l lu la s e  E l i  behaved a s  a  s in g le  p r o te in  on p assag e  th ro u g h  
b o th  Sephadex G-75 and Sephadex G-100 columns (2.6cm  x  70cm). 
D e te rm in a tio n  o f  M o lecu la r W eight o f  C e l lu la s e  E l l
The colum n o f  Sephadex G-100 w hich was u sed  i n  th e  m o le c u la r  
w e ig h t e s t im a t io n  o f  c e l l u l a s e  E l was u se d . The same m arker p r o te in s  
w ere a l s o  u s e d . The r e s u l t  i s  shown i n  F ig u re  23* The m o le c u la r  
w e ig h t was e s t im a te d  to  be ab o u t 74>400. 
pH Optimum
F ig u re  29 shows th e  e f f e c t  o f  pH on t h e  enzyme a c t i v i t y  a ssa y ed  
to w ard s  3 > 4 - d . in i t r o p h e r y l^  -D -g lu co p y ra n o s id e  a t  40°C. The 
m easured  pH, e x t in c t io n  c o e f f i c i e n t  o f  3 ,4 - d in i t r o p h e n o l  a t  400nm 
a t  t h i s  pH and th e  m easured r a t e  o f  r e l e a s e  o f  th e  pheno l a r e
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TABLE 12
CELLULASE ACTIVITIES OP CELLULASE E l i
A v ic e la se  -
CKCase 4* 06
y 0 -G lu c o s id a se  44*0
TABLE 13
PURIFICATION OP CELLULASE E l l  PROM TRICHODEBMA VIRIBE
P u r i f i c a t i o n  S te p  A c t iv i ty  tow ards 34 DNPG^
1 . Crude 1.-77 ( l )
2 . DEAE-Sephadex A-25 5 -8 8  (3 . 32)
3.. Sephadex G-75 3 9 -0  (2 2 .0 )
4 . Sephadex G-100 4 4 -0  (24*9)
Gr
ap
h 
of 
Ab
so
rb
an
ce
 
ag
ai
ns
t 
Tim
e 
for
 t
he
 
Re
ac
tio
n 
of 
th
e 
34
-D
in
itr
op
he
ny
l 
G
ly
co
si
de
s 
wi
th
 
C
el
lu
la
se
 
E
li
CO
o
CM
CO
CM
CO
o
00, CO
CMCO
CL
Q
-4*
CO CO0 0
LO CO CO CD oCM COo o
o
c/)
a;
D
c
£
c
CD
£
00
CM
CD
L_
D
5?
Ll
uiuqoV P  eouoqjosqv
R
at
e(
 1
07 
m
ol
es
/l/
s)
 
Ra
te
d 
07
m
ol
es
/l/
s)
E ffect of pH and Temperature on the  Activity of
Cellulase EH
Figure 29
09
08
0-7
08
05
0 4
0-3
02
0-1
0 20 A0 60
Temperature C C )
Figure 30
80
TABLE 14
E f f e c t  o f  pH on th e  A c t iv i ty  o f  C e l lu la s e  E l i  
pH 400 ( 3 .4 - d i r d t r o p h e n o l )  R ate  ( lO ^ M /l/s )
4.02a 1025 0.110
4 .2 9 a  1750 0 .2 0 8
4 . 6 i a  2970 0 .307
5 .1 9 a  6760 0 .331
5 .4 7 & ®530 O. 328
5*67* IO650  0 . 240
a  A c e ta te  I  « 0 .1  T ■ 40°C.
^  P h o sp h a te  I  -  0 .1
TABLE 15
E f f e c t  o f  T em peratu re  on  th e  A c t iv i ty  o f  C e l lu la s e  E l i
T em peratu re  (°C ) R ate  (10  K / l / e )
2 0  0. 105
30 0 .1 8 6
40  0 .3 2 7
5 0  O. 464
60  O .8O4
70 0 .3 1 1
80 0. 075
A c e ta te  "buffe r, pH » 5*02
_8
Enzyme c o n c e n t r a t io n  ■ 2 .3  i  10" J i / l .  
S u b s t r a te  c o n c e n t r a t io n  ■» 1 .2 0 8  i  10 ^M /l.
-  109 -
g iv e n  i n  T able  14#
The pH optimum was found to  form  a  p la te a u  betw een 4*5 5-5*
T em perature  Optimum
The r e a c t io n  o f  th e  enzyme w ith  34DNPG^ was c a r r i e d  o u t a t  
pH 5*02 a t  d i f f e r e n t  te m p e ra tu re s  (20-80°C ) i n  th e  Gary 16 s p e c t ro ­
p h o to m e te r, The r e s u l t s  a r e  shown i n  F ig u re  30# The m easured v a lu e s  
a r e  g iv e n  i n  T ab le  15 . Optimum te m p e ra tu re  f o r  th e  a c t i v i t y  o f  
c e l l u l a s e  E l i  was found  to  be 60°C.
S u b s t r a te  S p e c i f i c i t y
C e l lu la s e  E l i  was in c u b a te d  w ith  th e  1 *f> x y la n  and th e  1$> am ylose 
s o l u t i o n  b u t  no in c r e a s e  i n  th e  amount o f  re d u c in g  s u g a r  was o b se rv ed  
w ith  e i t h e r  s u b s t r a t e .
The enzyme was a ls o  a llo w ed  to  r e a c t  w ith  a  s e r i e s  o f  a r y l  
g ly c o s id e s .  The ex p erim en ts  w ere c a r r i e d  o u t a t  40°C i n  th e  Cary 16 
sp e c tro p h o to m e te r . The a c t i v i t y  o f  c e l l u l a s e  E l l  on th e  a r y l  g ly co ­
s id e s  was d e te rm in e d  by m easu rin g  th e  r a t e  o f  r e l e a s e  o f  th e  p h en o l.
The r e s u l t s  a r e  g iv e n  i n  T ab le  16 • Only w ith  3*4-< lirc itropheny l 
2 -ace tam id o -2 -d eo x y -y 3 -J> -g lu co p y ran o sid e  was th e r e  any sp o n tan eo u s 
h y d r o ly s is  o b se rv ed . T h is  was n e g l ig ib le  com pared to  th e  enzymic 
r a t e  o f  h y d r o ly s is .
The enzyme was a ssa y ed  tow ards th e  a r y l  c e l l o - o l ig o s a c c h a r id e s .
The r e s u l t  i s  shown i n  F ig u re  28 . As can  be se e n  th e r e  i s  no in d u c t io n  
p e r io d  w ith  34DNPG^ b u t w ith  34EEPG2 , 34^hTG^ and 34HNPG^ an  in c r e a s in g  
in d u c t io n  p e r io d  i s  found . T h is  i s  c o n s i s t e n t  w ith  th e  enzyme 
s u c c e s s iv e ly  rem oving g lu c o se  r e s id u e s  from  th e  n o n -re d u c in g  end o f  
th e  c e l l o —o lig o s a c c h a r id e  b e fo re  th e  pheno l c an  be r e le a s e d .
TABLE 16
C e l lu la s e  E l i  c a ta ly s e d  h y d r o ly s is  o f  a r y l  g ly c o s id e s .
T ■ 40°C ; pH -  5»02 (a c e t a t e  b u f fe r ,  I  -  O . l )
E x t in c t io n  c o e f f i c i e n t  o f  3 , 4 -< iiu itr o p h e n o l a t  4 0 0 nm * 5 5 0 0
E x t in c t io n  c o e f f i c i e n t  o f  4 - n i t ro p h e n o l  a t  350nm -  2550
R ate
S u b s tr a te  ( i l O T l / l / s )
<  o f
C H ucopyranoside
3 .4 - P in i t ro p h e n y l
/3 -I> -g lue  opyra  no s id e  I 485 100
3>4 - D in itro p h e n y l 2 -a c e ta m id o -
2—d e o x y -p  -B -g lu c o p y ra n o s id e  59**09 3 .9 7
3 .4 -P in i t ro p h e n y l  6 -d eo x y -
-D -g lu c o p y ra n o s id e  8^66 O..58
3 . 4 - D in i t r o  pheny l
P -D ~ ry lo p y ra n o s id e  1«52 0..10
3 . 4 -D iK itro p h e n y l 6 - c h lo ro -
6 -d e o x y -p  g lu e  opyrano s id e  1 . 04 0 .0 7
3 ,4 ~ P ir i t ro p h e n y l  6 -0 -m e th y l-
p -D -g lu c o p y ra n o s id e  0 .2 3  0 .0 1
4 - Ri t r o  pheny l ^ - B - g l u c  opyrano s id e  1153 100
4 - E i t r o  pheny l /3> -B -g a la c to p y ra n o s id e  4*33 0. 37
4 -K itro p h e n y l 2 -d eo x y -
|3 -B -g lu c o p y ra n o s id e  0  0
Enzyme c o n c e n tr a t io n  ■ 2 .3  1  10~^M /l.
S u b s t r a te  c o n c e n tr a t io n s  ■ 1 .2  1  0 .1  x  10 " V i .
-  110  -
Randomness o f  CMC—s a c c h a r i f y in g  A c t iv i ty  o f  C e l lu la s e  E l i
C e l lu la s e  E l i  was in c u b a te d  w ith  CMC u n d e r  th e  v i s c o s i t y  a s s a y  
c o n d i t io n s  a l r e a d y  d e s c r ib e d  f o r  c e l l u l a s e  E l .  The v i s c o s i t y  r e s u l t s  
f o r  c e l l u l a s e  E l and E l i  a r e  shown i n  F ig u re  26 and ta k e n  to g e th e r  
show t h a t  c e l l u l a s e  E l i  does n o t c au se  a  r a p id  d e c re a se  i n  v i s c o s i t y  
a l th o u g h  h y d ro ly s is  i s  a t  a  r a t e  s i m i l i a r  to  t h a t  o f  c e l l u l a s e  E l .  
T h is  i n d i c a t e s  t h a t  c e l l u l a s e  E l i  behaves l i k e  an  e x o -c e l l u l a s e .
In d u ced  H y d ro ly s is
IS rperim ents w ere c a r r i e d  o u t to  see  i f  th e  endo—c e l l u l a s e  
p o s se s s e d  any t r a n s g ly c o s y la t io n  p r o p e r t i e s .
C e l l o t r i o s e ,  c e l l o t e t r a o s e  o r  c e l lo p e n ta o s e  and 3*4- d i t f i t r o p h e n y l  
p -J£ -g lu co p y ran o sid e  w ere d is s o lv e d  i n  a c e t a t e  b u f f e r ,  pH 5 * 0 2 ,1  ■ 0 .1  
(2 .3 m l)  i n  a  TJV c e l l  and a  s o lu t io n  o f  th e  enzyme (200^1) added . The 
f i n a l  c o n c e n tr a t io n s  a r e  g iv e n  i n  T ab le  17 . The ab so rb an c e  o f  th e  
r e a c t i o n  m ix tu re  was m o n ito red  a t  400nm. Any r e l e a s e  o f  pheno l was 
ta k e n  a s  a n  i n d i c a t i o n  t h a t  t r a n s g ly c o s y la t io n  was in d e e d  ta k in g  
p la c e  s in c e  in c u b a t io n  o f  th e  s u b s t r a t e  w ith  th e  enzyme, b u t  w ith o u t 
any  o l ig o s a c c h a r id e ,  u n d e r  th e  c o n d it io n s  d e s c r ib e d  d id  n o t r e s u l t  i n  
an y  o b s e rv a b le  r e l e a s e  o f  th e  p h en o l. The r a t e  o f  r e l e a s e  o f  3*4- 
d in i t r o p h e n o l  a f t e r  v a r io u s  tim e  i n t e r v a l s  and th e  p e rc e n ta g e  r e a c t io n  
a r e  g iv e n  i n  T ab le  17 f o r  e ach  o f  th e  c e l lo - o l ig o s a c c h a r id e  i n  tu r n .  
The amount o f  3* 4-& iE itro p h e n o l r e le a s e d  com pared to  t h a t  o f  th e  
s t a r t i n g  c o n c e n t r a t io n  o f  34D23PG  ^ g iv e s  th e  p e rc e n ta g e  r e a c t io n .
The r e s u l t s  show t h a t  a s  th e  c h a in  le n g th  o f  th e  o l ig o s a c c h a r id e  
in c r e a s e s  th e  in d u c t io n  p e r io d  b e fo re  h y d ro ly s is  b e g in s  i s  red u ced .
The r e s u l t s  a l s o  show t h a t  th e  r a t e  o f  r e l e a s e  o f  th e  p h en o l from 
th e  t r a n s g ly c o s y la t io n  p ro d u c t w ith  Gj. a s  th e  o l ig o s a c c h a r id e  i s  th e  
g r e a t e s t .  C e llo p e n ta o se  was th e r e f o r e  u sed  i n  f u tu r e  e x p e r im en ts .
S im ila r  ex p e rim en ts  w ere c a r r i e d  o u t w ith  th e  m o d if ied  a r y l  
g lu c o s id e s  to  i n v e s t i g a t e  th e  f e a tu r e s  w hich make th e  a r y l  o l ig o ­
s a c c h a r id e s  s u b s t r a t e s  f o r  th e  enzyme. The s u b s t r a t e  c o n c e n t r a t io n  
was in c r e a s e d  by a  f a c t o r  o f  5 * e x p e r im e n ta l r e s u l t s  and th e
c o n d i t io n s  employed a r e  g iv e n  i n  T ab le  18 .
TABLE 17
B ate o f  F orm ation  o f  3 ,4 -D in itr o p h e n o l D uring I n c u b a tio n  o f
C e llo — o lig o s a c c h a r id e s  and 3*4—D in itr o p h e n y l ^0 —D -g lu co p y ra n o sid e
w ith  C e l lu la s e  E l
Time (m ine) R ate  (xlO  S l / l / s )  P e rc e n ta g e  R e a c tio n  
5 0  0
10  0  0
20 0  0
30 2 .6 9  0 .0 2
60  2 .7 2  0 .6 1
120 2 .7 5  1 .5 0
5 0 0
10 0 0
20  2 .7 5  0 .3 0
30 3 .1 4  0 .4 6
60  3 -6 9  0 -78
120  4 .O 4 1 .6 6
<L 5 0 0
10  3 .0 3  0 .0 2
20  3 .8 7  0 .4 6
30 4 .5 4  0 .6 1
6 0  4 .9 5  0 .9 1
120  5 .0 2  2 .5 8
-6  /Enzyme o o n o e n tra t io n  * 4*16 x  10 M/1.
O lig o s a c c h a r id e  c o n c e n tr a t io n  ■ 6 .0  ± 1 .0  z  10 ^M /l.
T em pera tu re  « 20 + 2°C.
TABLE 18
B ate o f  F orm ation  o f  3* 4 -D im .tr o p h en o l D uring In c u b a tio n  o f
C e llo p e n ta o se  and M od ified  3*4 -D in itr o p h e n y l j3-D -g lu c o p y r a n o s id e s
w ith  C e l lu la s e  E l
Time (m in s) B a te ( x lO ^ M /l / s )  P e rc e n ta g e  R e a c tio n
3 . 4 -D in it ro p h e n y l p> -D -g lu co p y ra n o s id e
0 0 0
5 0 0
30 6 .0 6 0 .1 7
60 8 .4 8 0 .4 0
90 1 0 .9 0 0..73
120 1 2 .2 5 1 .0 7
150 1 2 .2 3 1 .3 3
3« 4 -D in it ro p h e n y l /3 -D -x y lo p y ra n o s id e
0 0 0
5 0  o
30 1 0 .3 8  0 .4 0
60 12 .1 2  0 .8 0
90  12 .1 2  1 .1 7
3e 4 - D in i t r o  pheny l 6 -d e  oxy-^3 -D -g lu c o p y ra n o s id e
0 0 0
15 o  o
30 1 4 .5 4  0 .37
60  2 0 .6 0  O.9 7
90 2 2 .5 1  1 .6 7
T im e(m ins) R a te (x lO ^ ^ M /l/s ) P ercen ta g e  R ea ctio n
3«4—D in itr o p h e n y l 6—c h lo r o —6—d eoxy-y3—D -g lu co p y ra n o sid e
0 0 0
45 0  0
60  2 .2 0  0 .2 3
120 3*89 0 .4 0
240 4 .1 2  0 .6 3
600 4 .6 6  1 .3 3
3# 4 -D in it ro p h e n y l 6—0 -m e th y l- /3  -D -g lu co n y ra n o s id e
0 0 0
50  0  0
60  3 .0 3  0 .1 3
90 3 .0 3  0 .2 0
120 3 .0 3  0 .2 7
4^K itro-phenyl^/3  -D -g lu c o p y ra n o s id e
0  0  0
5 0  o
30 4 .5 8  0 .1 3
60 6 .6 7  0 .3 3
120 1 0 .3 3  0 .9 0
4 -K i.tro p h en y l 2 -d eo x y -/3  -D -g lu c o p y ra n o s id e
Ko pheno l was l i b e r a t e d  even  a f t e r  in c u b a t io n  o f  th e  r e a c t io n  
f o r  3 h o u rs .
Enzyme c o n c e n t r a t io n  * 4*16 x  10”*^M/l.
C o n c e n tra t io n  o f  c e l lo p e n ta o s e  ■ 5*7 1  lCT^M /l.
S u b s t r a te  c o n c e n t r a t io n  » 6 .0  i o . 5  x  10' - V i .
T em pera tu re  » 2 0 -  2°C.
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KIKETIC EXPEHDIEITTAL
G en era l
K in e tic  ex p e rim en ts  w ith  th e  a r y l  g ly c o s id e s  w ere c a r r i e d  o u t 
i n  a C ary 16 s p e c tro p h o to m e te r  o p e r a t in g  on  l i n e  to  a  D ig ico  M icro 
16 P com puter. Q uartz  o e l l s  w ith  a  p a th  l e n g th  o f  10mm were u sed  i n  
a th e rm o s ta t te d  c e l l  b lo c k . The m a jo r i ty  o f  th e  r e a c t io n s  w ere 
c a r r i e d  o u t a t  40°C. The k in e t i c  p ro c e d u re  was g e n e r a l ly :  e q u i l i ­
b r a t i o n  o f  th e  b u f f e r  i n  th e  UV c e l l  f o r  15 m in u te s , a d d i t io n  o f  th e  
enzyme ( u s u a l ly  5 ^ 1 ) th e n  a d d i t io n  o f  th e  s u b s t r a t e  s o lu t io n  to  g iv e  
a t o t a l  volume o f  2 .5 0  -0 .0 5 m l. A f te r  i n i t i a t i o n  o f  th e  r e a c t io n  
th e  ab so rb an ce  v a lu e s  a t  ^  max o f  th e  pheno l (400nm f o r  3» 4 -< fin i‘t r o -  
p h en o l and 350*® f o r  4 - ^ i t r o p h e n o l )  w ere g a th e re d  on l i n e  a t  a  p re ­
d e te rm in e d  tim e  i n t e r v a l .  The i n i t i a l  r a t e  o f  r e l e a s e  o f  pheno l was
d e te rm in e d  by f i t t i n g  th e  d a ta  to  a  q u a d ra t io  e q u a tio n  o f  th e  form :.
2A^ » a  + b t  + c t
by  th e  g e n e r a l is e d  l e a s t  s q u a re s  m ethod( 148). A l i s t i n g  o f  th e  program  
i s  g iv e n  i n  A ppendix I .
Two m ethods f o r  th e  d e te rm in a tio n  o f  th e  M ich ae lis -M en ten  c o n s ta n ts  
Km and Vmax from  th e  v a lu e s  o f  i n i t i a l  r a t e  and s u b s t r a t e  c o n c e n tr a t io n  
w ere a v a i l a b l e .  One was th e  g e n e r a l is e d  l e a s t  sq u a re s  method o f  
W entw orth (1 4 8 ) , th e  o th e r  was a  w e ig h ted  l i n e a r  l e a s t  sq u a re s  method 
o f  C o r n i s h ^ — Bowden (149)* These two program s a re  l i s t e d  in  
A ppendix I I  and A ppendix I I I  r e s p e c t iv e ly .
The enzyme c o n c e n tr a t io n s  were c a lc u la te d  from  t h e i r  r e s p e c t iv e  
e x t in c t io n  c o e f f i c i e n t s .  F o r c e l l u l a s e  E l th e  m easured e x t in c t io n  
c o e f f i c i e n t  was 17 ,800 l.M ” ^.cm  * and 21 ,100  l.M  ^.cm  * f o r  c e l l u l a s e  
E l i .  . These v a lu e s  were o b ta in e d  by d e - s a l t i n g  th e  enzyme on a 
Sephadex G-15 column ( l .6 c m  x 40cm), l y o p h i l i s i n g  th e  f r e e  enzyme 
and th e n  m easu rin g  th e  ab so rb an ce  a t  280nm o f  a  m easured c o n c e n tr a t io n  
o f  th e  enzyme u s in g  th e  e s t im a te d  m o le c u la r  w e ig h t.
TABLE 19
C e l lu la s e  E l c a ta ly s e d  h y d r o ly s is  o f  3 4 DNPG2
T « 40°C$ pH 5*-02 a c e ta te  I  = 0 .1
E x t in c t io n  c o e f f i c i e n t  o f  3 * 4 -d iB itr o p h e n o l a t  400nm « 5500
S u b s tr a te  cone, (x !0 4H / l )
0 .985  
1 .4 7 7  
1..970 
2 .4 6 3  
2 .9 5 5  
3 .4 4 8  
5 .4 2 0  
7 .4 5 0
o
I n i t i a l  r a t e .  (x lO  l l / l / s )  
0 .154
0.206
0 .267
0.312
0 .3 3 9
0.401
0 .525
0*606
Enzyme c o n c e n tr a t io n  = 1*04 x 10~^M /l.
Vmax = 1 .01  x 10 l / l / s a 
0 .8 9  x lO ^ M /l / s *
S ta n d a rd  d e v ia t io n  = 5*2$.
Km * 6 .0 2  x l O ^ / l 3, 
4 .6 8  x  lO” ^ / 1 ^ 5
S ta n d a rd  d e v ia t io n  = 7 .8 $ .
a  C a lc u la te d  by method o f  W entworth (148) — A ppendix 2 .
^  C a lc u la te d  by method o f  C o rn ish  —  Bowden (149) ~ A ppendix
TABLE 20
C e l lu la s e  E l c a ta ly s e d  h y d r o ly s is  o f  342)EPG^
?  -  40°C ; pH 5*02 a c e t a t e  I  -  0 .1
E x t in c t io n  c o e f f i c i e n t  o f  3 j4 —< H u itrop h en ol a t  4 0 0 nm ■ 5500
S u b s tr a te  cone. ( i l C r K / l )  I n i t i a l  r a t e .  (x lO  K / l / s )
0 .4 7 5  0 .1 7 2
O.9 8 0  0 .2 3 7
1 .4 5 9  0 .3 6 4
1 .9 2 9  0 .4 5 1
2 .3 9 2  0 .5 3 8
3 .5 1 8  O.8 9 6
4.600 1.107
5*863 I .O 55
6 .9 0 0  1 .1 5 1
*7
Enzyme c o n c e n t r a t io n  « 1 .0 4  x  10 H / l .
Vmax = 2 .1 1  x  lO ^ M /l / s *
2 .9  x 10 ~ ^M /l/sa S ta n d a rd  d e v ia t io n  = 28$,
Km = 6 .0 8  x 10"4M /lb
9 .8  x  10"^M /l3, S ta n d a rd  d e v ia t io n  = 36$,
a  C a lc u la te d  by method o f  W entworth ( 148) -  A ppendix 2 .
*  C a lc u la te d  by method o f  C o rn ish  —  Bowden (149) -  A ppendix 3.
TABLE 21
C e l lu la s e  ET c a ta ly s e d  h y d r o ly s is  o f  34DKPG^
T ■ 40°C ; pH 5*02 a c e t a t e  I  « 0..1
E x t in c t io n  c o e f f i c i e n t  o f  3 > 4 -< liu itro p h en o l a t  4 0 0 nm « 5 5 0 0
S u b s tr a te  conc. (x!Q 4 M /i)
0 .595 
0 .952  
1 .1 9 0
I .4 8 8
1..785
2 .0 8 3
2.380
2 .9 7 5
3 .272
4 .3 6 2  
6 .5 4 3
o
I n i t i a l  r a t a  (xlO  M /l /s )
0.148
0 .2 8 3  
0 .351  
0 .447  
0 .536
0 .5 4 3
0.682
0 .875
1.161  
1.200
1 .259
a
Enzyme c o n c e n t r a t io n  ■ 1 .0 4  x  10 M /l.
Vmax = 1 .9 7  x 10 ~ ^M /l/sa S ta n d a rd  d e v ia t io n  = 31$.
2 .2 6  x lO ^ M /l / s *
Km * 6 .3 7  x 10~®M/la  S ta n d a rd  d e v ia t io n  = 37$.
5 .1 3  x lO ^ M /l*
a  C a lc u la te d  by method o f  W entworth (148) — A ppendix 2 .
*  C a lc u la te d  by method o f  C o rn ish  —  Bowden (149) -  A ppendix 3 .
TABLE 22
C e l lu la s e  E l i  c a ta ly s e d  h y d r o ly s is  o f  34DMPG^
T ■ 40°C ; pH 5*02 a c e t a t e  I  « 0 .1
E x t in c t io n  c o e f f i c i e n t  o f  3 ,4 —d in itr o p h e n o l a t  4 0 0 nra » 5500
S u b s tr a te  conc. (x lO ^ K /l)  
O.J.253 
0 .2496  
0 .4951  
0 .7366  
0 .9742 
1.2080 
1 .4381  
1.6646 
1 .8875 
2 .1 0 7 0  
2 .3231
Q
I n i t i a l  r a t e .  (x lO  M /l /s )  
0.196 
0 .334  
0.426 
0 .564  
O.897  
0 .9 7 9  
1 .045  
1 .033  
0 .973  
1.028  
1 .107
Enzyme c o n c e n tr a t io n  » 2 .3  x  10rfyi.
Vmax a 1 .5 1  x 10 8M / l / s a 
1 .4 4  x 10*”8m/ i /
S ta n d a rd  d e v ia t io n  = 6 .1 $ .
Km « 8 .3  x 10"5M /la 
7 .0 9  x  lO ^ M /l*
S ta n d a rd  d e v ia t io n  = 12 .4$ .
a  C a lc u la te d  by method o f  W entworth (148) -  Appendix 2. 
b C a lc u la te d  by method o f  C o rn ish  ----  Bowden (149) -  A ppendix 3.
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DISCUSSION
The enzymes which a re  r e s p o n s ib le  f o r  th e  breakdown o f  n a t iv e  
c e l l u lo s e  c o n s i s t  o f  3 m ain ty p e s s -
1) z f b  - 1 ,  4 -g lu c a n  c e l lo b io h y d ro la s e  w hich rem oves c e l lo b io s e  r e s id u e s  
from  th e  non—re d u c in g  end o f  th e  c e l l u lo s e  po ly m er. T h is  enzyme ty p e  
h a s  been  i s o l a t e d  from- c u l tu r e  f i l t r a t e s  o f  T richoderm a v i r i d e  (73> 
9 3 ,9 4 ,9 5 > 1 0 l) , T richoderm a k o n in g ii  ( 8 l , 8 2 ) ,  I r p e x  l a c t e u s  (105) and 
F usarium  s o la n i  (1 1 0 ) . T h is  enzyme i s  s t r o n g ly  i n h ib i t e d  by i t s  
p ro d u c t ,  c e l l o b io s e ,  b u t when t h i s  was removed c o n tin u o u s ly  i t  
e x te n s iv e ly  deg rad ed  n a t iv e  c e l l u lo s e  (94)*
2) a  y6 —1 , 4 -g lu c a n  g lucanohydro la .se  w hich random lj7- c le a v e s  th e  c e l l u lo s e
>
c h a in .  T h is  enzyme i s  e x te n s iv e  in  i t s  o c c u rre n c e  b e in g  p r e s e n t  i n  
p ro b a b ly  ev ery  s p e c ie s  u t i l i s i n g  c e l l u l o s e .  From k i n e t i c  ex p e rim en ts  
th e s e  enzymes r e q u i r e  th e  c e l l u lo s e  s u b s t r a t e  to  c o n ta in  a t  l e a s t  
5 o r  6 g lu c o se  r e s id u e s  f o r  e f f i c i e n t  h y d r o ly s i s .  Most r e p o r t s  s a y  
t h a t  th e  enzyme h a s  no a c t i v i t y  tow ards n a t iv e  c e l l u l o s e ,  b u t i t  
co u ld  be t h a t  th e  enzyme i s  s t r o n g ly  i n h ib i t e d  by medium le n g th  c e l l o -  
o l ig o s a c c h a r id e s .  No one h a s  p erfo rm ed  a  s im i l a r  ex p erim en t to  t h a t  
o f  P e t t e r s s o n  (94) w ith  th e  —1*4—g lu c an  c e l lo b io h y d r o la s e ,  t h a t  i s ,  
c o n tin u o u s  rem oval o f  th e  p ro d u c ts  ( i f  any) to  e n su re  th e r e  i s  no 
i n h i b i t i o n .
3) a  c e l l o b ia s e  a n d /o r  a -g lu c o s id a s e  w hich d e g ra d es  sm a ll c e l l o -  
o l ig o s a c c h a r id e  c h a in s  to  g lu c o se  by s u c c e s s iv e  rem oval o f  a  g lu c o se  
r e s id u e  from  th e  n o n -re d u c in g  end.
To s tu d y  th e  com plete  c e l l u l a s e  com plex th e  o b v io u s  c h o ic e  o f  
s u b s t r a t e s  to  u se  i s  c o t to n  and A v ic e l .  But to  s tu d y  th e  enzymes 
in d e p e n d e n tly  and d e te rm in e  t h e i r  enzymic p r o p e r t i e s  more f u l l y ,  
th e  s u b s t r a t e s  th em se lv es  must be f u l l y  c h a r a c te r i s e d .  In  t h i s  
r e s p e c t  s u b s t r a t e s  l i k e  p h o sp h o ric  a c id - s w o lle n  c e l l u lo s e  and
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p a r t i a l l y  degraded c e l lu lo s e  a re  p oor, Carboxymethyl c e l lu lo s e  
which has been th e  most im portan t s u b s tr a te  in  d e term in ing  c e l l u l o l y t i c  
a c t i v i t y  i s  ag a in  a poor s u b s tr a te  in  th a t  s u b s t i tu t io n  o f th e  hydroxyl 
groups on carbons 2 ,3  and 6 cause la rg e  d e v ia tio n s  from th e  n a tu r a l  
s u b s t r a te . F arfo n d ry  and P e r l in  ( l5 0 )  have r e c e n tly  shown by 
NMR s tu d ie s  on CMC w ith  DS 0 .7  th a t  th e  hydroxyl groups o f  c e l l ­
u lo se  r e a c t  i n  th e  o rd e r  OH—2!> OH—6 ^ *  OH—3* They a lso  showed th a t  
r e s id u e s  re le a se d  by enzymic a c t io n  d id  no t c o n ta in  s u b s t i tu e n ts  on 
th e  2 p o s i t io n .  More u s e fu l  a re  th e  c e i lo - o l ig is a c c h a r id e s  o r th e  
methyl p  —c e l lo -o l ig o s a c c h a r r id e s  f i r s t  used  by W hitaker ( 3 l) in  th a t  
they  can be f u l ly  c h a ra c te r is e d  and a re  f u l ly  so lu b le . The problem 
h e re  i s  th a t  in  o rd e r  to  determ ine th e  p o s i t io n  o f c leavage len g th y  
s e p a ra tio n s  o f  th e  r e a c t io n  p ro d u c ts  have to  be u n d ertak en ,
S p ec tro p h o to m etric  s u b s t r a te s  have found l i t t l e  favour in  
d e te rm in in g  th e  a c t i v i t y  o f c e l l u l o l y t i c  enzymes. N isizaw a has used 
j>—n itro p a e n y l p  - c e l lo b io s id e  in  h is  s tu d ie s  o f c e l lu la s e s  (53>100) 
bu t t h e i r  use  has only been fo r  d e te rm in in g  th e  p o s i t io n  o f  c leavage 
o f th e  two p o s s ib le  s i t e s .  The lo n g er chained  sp ec tro p h o to m etric  
s u b s t r a te ,  o -n itro p h e n y l - c e l lo te t r a o s id e  has a lso  been used  by 
N isizaw a (34) bu t ag a in  t h i s  was on ly  used  to  determ ine th e  p o s i t io n  
o f  c leavage  by th e  enzyme. T his type o f  s u b s tr a te  has no t been 
pursued  by N isizaw a o r any o th e r  w orkers.
From th e  p re se n t knowledge o f th e  enzymes in  th e  c e l lu la s e  
system  i t  was thought th a t  a s e r ie s  o f a r y l p  - c e l lo -o l ig o s a c c h a r id e s  
cou ld  be used  to  determ ine th e  p resence  o f v a rio u s  enzymes p re se n t 
in  a crude c e l lu la s e  m ixture and th a t  th e se  s u b s tr a te s  could  be u sed  
to  determ ine th e  enzymic p ro p e r t ie s  o f each o f th e se  enzymes. A ryl 
P  -D -g lucopyranoside  would be a s u b s tr a te  fo r  a c e l lo b ia s e  o r a  
P  -g lu c o s id a s e . I t  was hoped th a t  an a ry l  A - c e l lo b io s id e  would
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s e rv e  as  a s u b s t r a t e  f o r  a  /3 - 1 ,4 - g lu c a n  c e l lo b io h y d ro la s e  and an 
a r y l  - c e l l o t e t r a o s i d e  would be a s u b s t r a t e  f o r  a ^ 3 - 1 ,4 -g lu c a n  
g lu c a n o h y d ro la se .
K.
B a l la r d ie  and Capon (1 2 7 ) , w ork ing  on c a t a l y s i s  by lysozym e, 
found t h a t  th e  b e s t  le a v in g  group from s y n th e t ic  a r y l  c h i to —o lig o ­
s a c c h a r id e s  in  te rm s  o f a c t i v i t y  and s t a b i l i t y  was 3 ,4 - d in i t r o p h e n o l .  
F o r t h i s  re a so n  3 > 4 -d in itro p h e n y l - c e l lo - o l ig o s a c c h a r id e s  w ith  DP 
from  *1* to  4 w ere s y n th e s is e d .  These w ere p re p a re d  by c o u p lin g  
th e  a ce to b ro m o -su g a r and 3 > 4 -d in itro p h e n o l in  d ry  a c e to n e  in  th e  
p re se n c e  o f  p o ta ss iu m  c a rb o n a te . F ig u re  31 shows th e  NMR spectrum  
o f  3 ,4 -d in i t r o p h e n y l  t r i - 0 - a c e ty l - /3 - D - x y lo p y r a n o s id e .  The s p l i t t i n g  
p a t t e r n  o f  th e  p ro to n  re so n a n c e s  f o r  th e  a r y l  group i s  t y p ic a l  o f  a l l  
th e  compounds in c o r p o r a t in g  t h i s  a ro m a tic  sy stem . The a c e ty la te d  
a r y l  g ly c o s id e s  were de-^O -acety la ted  by th e  method o f  Zemplen (135) 
w ith o u t much m e th a n o ly s is  o f  th e  a r y l  g ly c o s id e  bond. The s t r u c tu r e  
o f  3 —d in i t r o p h e n y lp )  —c e l l o t e t r a o s i d e  i s  shown in  F ig u re  32,
The u se  o f  a r y l  g ly c o s id e s  p o s se s s e s  th e  o b v ious ad v an tag e  o f  
e a se  o f  k i n e t i c  m easurem ents and th e  f a c t  t h a t  o n ly  one p ro c e s s  i s  
m easured s p e c tro p h o to m e tr ic a l ly ,  nam ely f i s s i o n  o f  th e  g ly c o sy l— 
a ry lo s y  bond. The d is a d v a n ta g e s  a r e  t h a t  th e  mechanism o f  h y d r o ly s is  
may be d i f f e r e n t  from  t h a t  o f  th e  n a tu r a l  s u b s t r a t e  and t h a t  th e  
a r y l  r e s id u e  w i l l  b in d  d i f f e r e n t l y  ( i f  a t  a l l )  from a g lu c o se  r e s id u e  
in  th e  e n z y m e /su b s tra te  com plex. N e v e r th e le s s ,  any s u b s t r a t e s  f o r  
w hich th e  mechanism o f  a c t i o n  o f  c e l l u l o l y t i c  enzymes can  be more 
f u l l y  u n d e rs to o d  would be v a lu a b le .  In  t h i s  r e s p e c t  an enzyme was 
sou g h t f o r  vihich 3 > 4 -d in itro p h e n y l p> - c e l l o t e t r a o s i d e  would be a 
s u b s t r a t e .
A com m ercial c e l l u l a s e  from A s p e rg i l lu s  n ig e r  (K och-L igh t 
L a b o ra to r ie s )  and two from  T richoderm a v i r i d e  (B .D .H . and W o rth in g to n
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Enzymes) were assayed  tow ards 34DNPG^, 34DNPG2 and 34DNPG^. Only 
w ith  th e  crude cellu lsi.se  from B.D.K. was th e re  any evidence o f a 
component which might use  34DNPG  ^ as su b s tra te *  This assay  i s  shown 
in  F igu re  14-. The crude c e l lu la s e  was f r a c t io n a te d  on a DEAE-Sephadex 
column ic  give 7 f r a c t io n s  as  shown by th e  absorbance a t  280nm o f th e  
e lu a te *  Phis f r a c t io n a t io n  i s  shown in  F ig u re  1 5 . A ll 7 f r a c t io n s  
were a s sa -e d  tow ards 34DNPGl5 B^DNPG  ^ and 34DNPG  ^ as w ell a s  th e  
conventions 1 su b s tra te s*  F ra c tio n  FI showed a g re a te r  in c re a se  in  
a c t i v i t y  tow ards 34DNPG. th an  tow ards 34DNPG alth o u g h  th e  r a t e  o f 
r e le a s e  o f 3 * 4 -d in itro p h en o l from th e  a ry l  g lu co sid e  was s t i l l  th e  
g r e a te r  (F ig u re  16)• From Table 5 i t  can be seen th a t  F ra c t io n  I I  
was very  r ic h  in  ^  -g lu c o s id a se  a c t i v i t y  and p o s s ib ly  t h i s  i s  due to  
a  d i f f e r e n t  enzyme th an  th e  enzyme w ith  ^ 3 -g lu co sid ase  a c t i v i t y  in  
f r a c t io n  FI* This p o s s i b i l i t y  was no t in v e s t ig a te d .  F ra c tio n  F i l l  
showed an in c re a se d  a c t i v i t y  tow ards 34DNPG^. I s  t h i s  a c t i v i t y  due 
s o le ly  to  the y3 -g lu c o s id a se  component? No a c t iv i t y  tow ards 34DNPG  ^
was found in  f r a c t io n s  FIV and FV but reappeared  in  f r a c t io n  FVI. 
A nother y3 -g lu c o s id a se  must be p re se n t in  th e  crude c e llu la se *
Since f r a c t io n  FI showed th e  most prom ise i t  was f u r th e r  
f r a c t io n a te d  on a Sephadex G-75 column in to  5 o th e r  components. T h is 
i s  shown in  F ig u re  17* A ll f r a c t io n s  were ag a in  assayed  tow ards 
34DNPG^, 34hNPG£ and 34DNPG  ^ and i t  was found th a t  th e  a c t i v i t y  o f  
f r a c t io n  FIC was now g re a te r  tow ards 34DNPG  ^ th an  tow ards 34DNPG^.
T his i s  shown in  F ig u re  18 and in  Table 6* Also in t e r e s t i n g  was th e
7 - fo ld  in c re a se  in  p> -g lu c o s id a se  a c t i v i t y  o f f r a c t io n  FIA over t h a t  
th a t  o f  f r a c t io n  F I .  T h is f r a c t io n  was in v e s t ig a te d  f u r th e r .
F ra c tio n  FIC was su b jec te d  to  an o th e r passage th rough  th e  same 
Sephadex G-75 column and 7 f r a c t io n s  were c o l le c te d  as shown in  
F ig u re  19* T able 7 shows th e  r a t i o  o f a c t i v i t i e s  tow ards 34DNPG^
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and 34MPG1 fo r  each o f th e se  7 f r a c t io n s .  F ra c t io n  FIC iv showed th e  
l a r g e s t  r a t i o  o f  a c t i v i t y  between th e  two s u b s t r a te s .
Passage o f t h i s  f r a c t io n  through an a f f i n i t y  column s p e c if ic  f o r  
p> -g lu c o s id a s e s  s u c c e s s fu l ly  removed most o f  th e  j3 -g lu c o s id a se  
a c t i v i t y  g iv in g  a r a t io  o f  133 • 1 fo r  a c t i v i t i e s  tow ards 34^NPG.
and 343NPC-., r e s p e c t iv e ly .  The a f f i n i t y  column was re g e n e ra te d  and
th e  enzyme f r a c t io n  passed  through a g a in  bu t s t i l l  th e  enzyme showed
a r a t i o  o f  133 • 1 fo r  r a t e s  o f h y d ro ly s is  o f  th e  sp ec tro p h o to m e tric
s u b s t r a te s .  S ince  th e  column has beer, shown to  be e f f e c t iv e  in
removal o f  J5 -g lu c o s id a se s  i t  must be concluded th a t  th e  enzyme
which i s  h y d ro ly s in g  34DNPG  ^ r e a d i ly  i s  a lso  re sp o n s ib le  fo r  th e
s l i g h t  —g lu co sid a se  a c t i v i t y  found in  t h i s  f r a c t io n .
/
T his f r a c t io n a t io n  procedure  has r e s u l te d  in  th e  i s o la t io n  o f  
an enzyme w ith  a c t i v i t y  tow ards 342NPG. and 34DNPG., in  th e  r a t i o  
133 s 1 from a  crude c e l lu la s e  m ixture w ith  a c t i v i t y  tow ards th e  
s u b s t r a te s  in  th e  r a t i o  I s  17* The p u r i ty  o f th e  enzyme, d es ig n a te d  
c e l lu la s e  E l ,  was a s c e r ta in e d  by SDS-gei e le c tro p h o re s is  and by i t s  
beh av io u r on bo th  Sephadex G-75 G-100. In  a l l  th re e  c a se s  th e
enzyme behaved as a s in g le  p r o te in .  The m o lecu lar w eight o f  th e  
enzyme was e s tim a ted  a t  12,000 by com parison w ith  o th e r  p ro te in s  o f  
known m o lecu lar w eight as shown in  F ig u re  23* The pH optimum was 
found to  be in  th e  range 4*5-5*5 which i s  com parable to  th e  pH 
optimum fo r  th e  m a jo rity  o f  c e l l u lo ly t i c  enzymes. T his s u g g e s ts  
t h a t  th e  mechanism o f h y d ro ly s is  o f  th e  a ry l  g ly co s id e  bond i s  th e  
same as h y d ro ly s is  o f th e  n a tu ra l  s u b s t r a te .  The tem p era tu re  optimum 
i s  a lso  s im i la r  to  th a t  o f  o th e r  c e l l u l o l y t i c  enzymes, b e in g  60°c.
The enzyme caused a ra p id  d ecrease  in  th e  v is c o s i ty  o f a CMC 
s o lu t io n  in d ic a t in g  a random h y d ro ly s is  a c t io n  on th e  polym eric  
s u b s t r a te .  T h is i s  ty p ic a l  o f a  fi-l,4-gluoan glucanohydrolase.
-  127 -
In  a d d it io n  to  CMC as s u b s tr a te  th e  enzyme a lso  hydro lysed  xylan which has 
P>— 1 .4 —li- :.u:ed xy lose  re sid u es*  I t  d id  no t hydro lyse  amylose which has 
0 ( ~ l ,4 - l i n i e d  g lucose r e s id u e s ,  or s u b s tr a te s  f o r  m easuring c h i t i r a s e  
a c t i v i t y .  I t  was not expected th a t  th e  enzyme t^ould hydro lyse  th e  
a ry l  y3 - u ; to - o l ig o s a c c h a r id e s  s in ce  th e  c e l l  w a lls  o f th e  fungus 
a re  composed m ainly o f c h i t i n .  I t  appears th a t  th e  enzyme i s  s p e c i f ic  
f o r  y3 lin k e d  g lucose  and x y lo se  re s id u e s . The enzyme fs a c t i v i t y  i s
s u s c e p tib le  to  s u b s t i tu t io n  on carbon 2 o f th e  g lucose r in g s  but 
does no t r e q u ire  any s u b s t i tu e n t  on carbon 5»
These r e s u l t s  w il l  be d iscu ssed  f u r th e r  when c o n s id e r in g  th e  induced 
h y d ro ly s is  r e s u l t s .
By v i r tu e  o f i t s  enzymic p r o p e r t ie s ,  m olecu lar w eight and i t s  
so u rc e , c e l lu la s e  E l i s  p robab ly  th e  same enzyme as th a t  is o la te d  by 
P e t te r s s o n  e t  _al. (99)> page 30, and Selby and M aitland  (78 ,79)? 
page 31.
K in e tic  s tu d ie s  o f th e  enzyme w ith  34DNPG£, 34BNPG  ^ and 34DNPG^
as s u b s t r a te  were c a r r ie d  out under th e  c o n d itio n s  d e sc rib e d  on 
page 115. V alues o f Km and Vmax were o b ta in ed  f o r  each s u b s t r a te .
These r e s u l t s  a re  summarised in  th e  fo llo w in g  t a b le .
34DMP02 34BNPG3 34DNPG
Vmax (x l0 8M /l/s ) 1.01 2.11 2.26
Km (x l0 4M /l) 6.02 6.08 5.13
^ c a t ( s ) 0.097 0.203 0.217
kc a t /Km ( l . K ^ . s -1 ) 161 334 423
The v a lu es  o f kcat/Km fo r  th e  lysozyme c a ta ly se d  h y d ro ly s is  o f
3 ,4 -d in itro p h e n y l - c h i to -o lig o s a c c h a r id e s  a re  given f o r  com parison.
34»NP(NAO)2 34DNP(NAG), 34D!IP( mag) .
kcat/Km ( l . i r h s " 1) 0 .064 7 .9  232
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The kcat/Xm value  in c re a se s  as th e  ch ain  le n g th  o f  th e  c e l lo - o l ig o -  
s a c ch a rid e  in c re a s e s .  The value  doubles on go ing  from 2 g lucose 
re s id u e s  to  3 but shows a le s s  marked in c re a se  on go ing  from 3 to  4 . 
T h is i s  in  c o n tr a s t  to  th e  kca-fc/Km v a lu es  f o r  th e  lysozyme c a ta ly s e d  
r e a c t io n  o f  3 ,4 -d in itro p h e n y l ch i to -o l ig o s a c c h a r id e s  a t  pH 5.08
o
and 40 C shown in  th e  t a b l e  above, w here th e r e  i s  a  l a r g e  in c re a s e  
on g o in g  from  3 N -a c e ty l g lucosam ine r e s id u e s  to  4*
The n a tu ra l  s u b s tr a te  fo r  lysozyme i s  th e  c e l l  w a ll o f  Gram- 
p o s i t iv e  b a c te r ia .  T his has th e  g en era l s t r u c tu r e  o f a l t e r n a t in g  
3^ - 1 ,4 - 1 inked N -acety l-D -g lucosam ine (NAG) and N -acety l-m uram ic a c id  
(NAM) re s id u e s  which a re  c ro ss  lin k e d  by sh o rt p o ly p e p tid e  c h a in s . 
Lysozyme degrades t h i s  c e l l  w all by h y d ro ly s in g  th e  p o ly sa c ch a rid e  
between a  NAM and a NAG re s id u e . O lig o sa c c h a rid e s  w ith  ju s t  ^ - 1 , 4 -  
NAG re s id u e s  a re  a lso  h y d ro lysed . The maximum r e a c t io n  r a t e  i s  
a t ta in e d  w ith  th e  h ex asacch arid e , (NAG)g, which i s  hyd ro ly sed  in to
(NAG), and (NAG) . P h i l i p s  and h i s  co -w o rk e rs  ( l 5 l )  fo rm u la te d  t h e i r4 d
m echanism o f  a c t io n  in  te rm s o f  (NAG)g. The X -ray  s tu d i e s  o f  th e  
enzyme w ith  th e  n o n -p ro d u c tiv e  b in d in g  com plex w ith  (NAG)^ le d  them 
to  th e  model f o r  p ro d u c tiv e  b in d in g  shown in  F ig u re  33* I t  was
A B C D E F 
NAG — NAG— NAG— NAG— NAG — NAG
T
Figure 33
p o s tu la te d  t h a t  one r e s id u e  o f  th e  (NAG)^ o ccu p ie d  each  o f  th e  
b in d in g  s i t e s  l a b e l l e d  A to  F and t h a t  h y d r o ly s is  was c a ta ly s e d  by 
th e  c lo s e  p ro x im ity  o f  two r e s id u e s ,  nam ely, g lu ta m ic  a c id  35 and 
a s p a r t i c  a c id  52.
From th e  k in e t ic  s tu d ie s  o f c e l lu la s e  E l i t  ap p ears  th a t  th e
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number o f b in d in g  s i t e s  on th e  enzyme on th e  th e  glycone s id e  w ith
th e  a ry l g ly co s id es  as s u b s tr a te  i s  probably  3.
The com posite v a lu es  fo r  c e l lu la s e  SI c a ta ly se d  h y d ro ly s is  o f
34DNPG  ^ ac pri 5*02 and 40 G and th o se  fo r  lysozyme c a ta ly se d  h y d ro ly s is
o f 34DN?' .l.u) . a t  pH 5*08 and 40°G i s  shown below.
4
C e llu la s e  E l + 34DNPG  ^ Lysozyme + 342NP(NAG)^
kc a t  ( s~ " : 0.217 2.01 x 1(T3
Km (Ml"1) 5.13 x 10“4 9 .83  x k T 6
Kcat/Km ( l .M ^ s -1 ) 423 205
Kra f o r  34MP(NAG)^ w ith  lysozyme i s  50 tim es sm a lle r  th an  Kra 
f o r  34bi'iPU, 'with c e l lu la s e  S I , th a t  i s ,  th e  s u b s tr a te  appears  to  beA-
more s tro n g ly  bound w ith  lysozyme. The value  o f k ca t i s  100 tim es
g re a te r  w ith  c e l lu la s e  E l and 34DNPC. th an  w ith  lysozyme and 34DNP(NAG)
4 4 *
T his p robab ly  i s  a r e s u l t  o f  th e  g r e a te r  im portance o f non—p ro d u c tiv e  
b in d in g  w ith  lysozyme s in c e  th e  v a lu es  o f kCat/Km which a re  equal to  
k^ /k^  d i f f e r  only by a f a c to r  o f 2 .
E xperim ents were c a r r ie d  out to  in v e s t ig a te  th e  t r a n s g ly c o s y l-  
a t io n  p ro p e r t ie s  o f th e  enzyme. The experim en tal c o n d itio n s  a re  
d e sc rib e d  on page 111 and in  Table 17* The in d u c tio n  p e rio d  b e fo re  
r e le a s e  o f 3 ,4 -d in itro p h e n o l decreased  from 20 m inutes to  10 m inutes 
to  5 m inutes cn in c re a s in g  th e  le n g th  o f th e  c e l lo - o l ig o s a c c h a r i ie  
ch a in  from 3 to  4 to  5* Also th e  r a t e  o f  r e le a s e  o f phenol in c re a se d  
as ch a in  le n g th  in c re a se d . I f  th e  number o f s u b s i te s  on th e  enzyme 
on th e  glycone s id e  i s  3* th en , s in ce  G<- shows th e  h ig h e s t tendency  
to  cause induced h y d ro ly s is  (and a lso  a h ig h  r a t e  o f r e le a s e  o f  3 ,4 -  
d in itro p h e n o l)  i t  could  be th a t  th e  number o f s u b s i te s  on th e  aglycone 
s id e  i s  2. These id ea s  le a d  to  th e  mechanism shown in  Scheme 1 f o r  
th e  appearance o f  3 ,4 -d in itro p h e n o l from 3 ,4 -d in itro p h e n y l A -D—
OH OH CHpH
HO­ MO
HO
CHXH OH OH
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CH20H OH CHjtCH
HO T"— H 0 y ^ - i - - 7 ^ 0 ' y ^ X ^  . H
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g l u c o p y r a n o s i d e  a n d  c e l l o p e n t a o s e  i n  -th e  p r e s e n c e  o f  c e l l u l a s e  E l .
I n  o r d e r  t o  t e s t  w h e t h e r  s m a l l  m o d i f i c a t i o n s  o f  t h e  s u b s t r a t e  
w o u l d  c a u s e  an.y e f f e c t  o n  t h e  r a t e  o f  t h e  e n z y m a t i c a l l y  c a t a l y s e d  
r e a c t i o n ,  t h e  i n d u c e d  h y d r o l y s i s  o f  m o d i f i e d  3 , 4 - d i n i t r o p h e n y l  f$ -  
I)—g l u c c r r r r - a n o s i d e s  w a s  s t u d i e d  i n  t h e  p r e s e n c e  o f  c e l l o p e n t a o s e  
a n d  c e l l u l a s e  E l .  T h e  p r e p a r a t i o n  o f  t h e  m o d i f i e d  g l y c o s i d e s  i s  
d e s c r i b e s  m  t h e  ' P r e p a r a t i v e  E x p e r i m e n t a l *  s e c t i o n .  T h e  c o n d i t i o n s  
a n d  r e s u l t s  a r e  g i v e n  i n  T a b l e  1 8 .
T h e  r e s u l t s  s h o w  t h a t  f o r  e n z y m i c  h y d r o l y s i s  t o  o c c u r  t h e  
r e q u i r e m e n t s  axko u n d  c a r b o n  6  a r e  v e r y  fetir ,  i n  f a c t ,  r e m o v a l  o f  t h e  
h y d r o x y l  o r  e v e n  t h e  h y d r o x y m e t h y l  s u b s t i t u e n t  o n  c a r b o n  5  t o  g i v e  
t h e  x y l o p y r a n o s i d e ,  s l i g h t l y  i n c r e a s e d  t h e  h y d r o l y s i s  r a t e .  R e p l a c e m e n t  
o f  t h e  6 - h y d r o x y l  b y  a  c h l o r i n e  a t o m  l e n g t h e n e d  t h e  i n d u c t i o n  p e r i o d  
a n d  l o w e r e d  t h e  h y d r o l y s i s  r a t e .  R e p l a c e m e n t  o f  t h e  h y d r o x y l  p r o t o n  
b y  m e t h y l  c a u s e d  a n  e v e n  g r e a t e r  l e n g t h e n i n g  o f  t h e  i n d u c t i o n  p e r i o d  
a n d  l o w e r i n g  o f  t h e  r a t e .  T h e s e  r e s u l t s  s u g g e s t  t h a t  t h e  l a s t  t w o  
c o m p o u n d s  f o r m  p o o r  a r y l  o l i g o s a c c h a r i d e  s u b s t r a t e s  d u e  t o  a  s t e r i c  
e f f e c t  r a t h e r  t h a n  a n  e l e c t r o n i c  i n t e r a c t i o n  e f f e c t .  T h e s e  r e s u l t s  
a s  w e l l  a s  t h e  f a c t  t h a t  t h e  e n z y m e  h y d r o l y s e s  x y l a n  s t i m u l a t e  t h e  
q u e s t i o n  s i s  t h e  e n z y m e  a  c e l l u l a s e  o r  a  x y l a n a s e ?  O n e  m e t h o d  m ay  
b e  t o  c o m p a r e  t h e  e n z y m e  a c t i v i t y  t o w a r d s  s u b s t r a t e s  s u c h  a s  c e l l o ­
p e n t a o s e  a n d  x y l o p e n t a o s e  o r  3 * 4 - d i n i t r o p h e n y l  - c e l l o t e t r a o s i d e
a n d  3 , 4 - d i n i t r o p h e n y l  y 3  - x y l o t e t r a o s i d e .  O n e  o t h e r  w a y  m ay  b e  t o  
a s k  w h a t  t h e  p u r p o s e  o f  t h e  e n z y m e  i s ?  O r g a n i s m s  a p p e a r  t o  p r o d u c e  
e n z y m e s  i n  r e s p o n s e  t o  t h e  s u b s t r a t e s  w h i c h  a r e  p r e s e n t .  I t  i s  n o t  
k n o w n  w h a t  t h e  g r o w t h  c o n d i t i o n s  f o r  t h i s  c o m m e r c i a l  c e l l u l a s e  
p r e p a r a t i o n  f r o m  T r i c h o d e r m a  v i r i d e  x v e r e .  I f  i t  w e r e  g r o w n  o n  
w h e a t  b r a n - s a w d u s t  t h e n  b o t h  c e l l u l a s e s  a n d  x y l a n a s e s  w o u l d  b e  p r o d u c e d .  
I f ,  h o w e v e r ,  t h e  s o l e  c a r b o n  s o u r c e  w e r e  c e l l u l o s e  t h e n  t h e  e n z y m e
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w o u l d  m o s t  l i k e l y  "be a  c e l l u l a s e .  I t  c o u l d  "be t h a t  c e l l u l a s e s  a n d  
x y l a n a s e s  a r e  t h e  s a m e  a n d  t h a t  s o m e  o r g a n i s m s  m ay  p r o d u c e  a n  e n z y m e  
c a p a b l e  o f  h y d r o l y s i n g  b o t h  ^ - 1 , 4 - l i n k e d  g l u c o s e  a n d  x y l o s e  p o l y m e r s .  
T h i s  p o s s i b i l i t y  h a s  n o t  b e e n  f u l l y  e x a m i n e d  s i n c e  m o s t  * c e l l u l a s e *  
w o r k e r s ,  w h e n  i s o l a t i n g  t h e  v a r i o u s  e n z y m e s  a s s a y  t h e m  t o w a r d s  
c e l l u l o s e ,  a n d  ' x y l a n a s e '  w o r k e r s  a s s a y  t h e i r  e n z y m e s  t o w a r d s  x y l a n .
S i m i l a r  e x p e r i m e n t s  h a v e  b e e n  c a r r i e d  o u t  w i t h  l y s o z y m e  ( l p 2 )  
u s i n g  t h e  3 > 4 - d i n i t r o p h e n y l  g l y c o s i d e s  o f  2 - a c e t a m i d o - 2 , 6 - d i d e o x y -  
1^ )- D - g l u c o s e ,  2 - a c e t a m i d o - 2 , 6 - d i d e o x y ~ 6 - c h l o r o - ^ 3 - ^ . - g l u c o s e ,
2 —a c e t a m i d o —2 , 6 - d i d e o x y - 6 —f l u o r o - ^ - I ) _ - g l u c o s e  a s  w e l l  a s  3 > 4 - d i n i t r o — 
p h e n y l  2 - a c e t a m i d o - 2 - d e o x y - ^ 3 - d ) - x y l o p y r a n o s i d e ,  3 > 4 - d i n i t r o p h e n y l  
pi -1) - g l u c o p y  r a n o  s i d e  a n d  t h e  ’ n a t u r a l *  s u b s t r a t e  3 , 4 - d i n i t  r o p h e n y l  
2 - a c e t a m i d o - 2 - d e o x y - $  -^D—g l u c o p y r a n o s i d e  i n  t h e  p r e s e n c e  o f  b o t h  
(NAG) . a n d  ( N A G ) r .  O n l y  w i t h  t h e  l a s t  t w o  a r y l  g l u c o s i d e s  w a s  a n y  
i n d u c e d  r e l e a s e  o f  3 , 4 - d i n i t r o p h e n o l  o b s e r v e d .  C l e a r l y  t h e  m e c h a n i s m  
o f  a c t i o n  o f  t h e  t w o  e n z y m e s  d i f f e r s  g r e a t l y ,  a t  l e a s t  i n  t h e i r  
r e q u i r e m e n t s  f o r  s u b s t i t u e n t s  o n  c a r b o n  6 a n d  c a r b o n  6  i t s e l f .
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A s  s t a t e d  e a r l i e r ,  f r a c t i o n  F IA  s h o w e d  a  l a r g e  i n c r e a s e  i n  
—g l u c o s i d a s e  a c t i v i t y .  T h i s  f r a c t i o n  w a s  f u r t h e r  p u r i f i e d  “by S e p h a d e x  
G—1 0 0  g e l  f i l t r a t i o n .  T h i s  i s  s h o w n  i n  F i g u r e  2 7 .  T h e  e n z y m e  f r a c t i o n  
d e s i g n a t e d  c e l l u l a s e  E l i  w a s  j u d g e d  t o  h e  p u r e  h y  SDS g e l  e l e c t r o ­
p h o r e s i s  a n d  g e l  f i l t r a t i o n .  T h e  m o l e c u l a r  w e i g h t  o f  t h i s  e n z y m e  w a s  
e s t i m a t e d  t o  h e  a h o u t  7 4 > 4 0 0 .  T h e  pH a n d  t e m p e r a t u r e  o p t i m a  w e r e  
s i m i l a r  t o  t h a t  o f  c e l l u l a s e  E l ,  T h e  i n c r e a s e  i n  a c t i v i t y  o f  t h e  
e n z y m e  o v e r  t h e  c r u d e  c e l l u l a s e  w a s  2 5  f o l d .  C e l l u l a s e  E l i  s h o w e d  
l i t t l e  a b i l i t y  t o  c a u s e  a  r e d u c t i o n  i n  t h e  v i s c o s i t y  o f  a  CMC s o l u t i o n  
a l t h o u g h  h y d r o l y s i s  w a s  t a k i n g  p l a c e .  T h i s  s u g g e s t s  t h a t  t h e  e n z y m e  
i s  o f  t h e  e x o - t y p e  r e m o v i n g  r e s i d u e s  f r o m  t h e  e n d  o f  t h e  p o l y m e r  
c h a i n .  W i t h  t h e  s e r i e s  o f  3 > 4 - d i n i t r o p h e n y l  y 3  “- c e l l o —o l i g o s a c c h a r i d e s  
t h e  e n z y m e  r a p i d l y  h y d r o l y s e d  34HNPG^ a n d  o n  g o i n g  f r o m  34DNPG2 t o  
34DHPG t h e  r e l e a s e  o f  t h e  p h e n o l  w a s  c h a r a c t e r i s e d  h y  a n  i n c x * e a s i n g  
i n d u c t i o n  p e r i o d .  T h i s  i s  s h o w n  i n  F i g u r e  2 3 .  T h e  r e s u l t s  a r e  
c o n s i s t e n t  w i t h  a n  e n z y m e  w h i c h  r e m o v e s  g l u c o s e  r e s i d u e s  f r o m  t h e  
n o n - r e d u c i n g  e n d  o f  t h e  o l i g o s a c c h a r i d e  c h a i n .  F r o m  t h e s e  r e s u l t s  i t  
s e e m s  f e a s i b l e  t h a t  t h e  e n z y m e  i s o l a t e d  i s  s i m i l a r  t o  t h a t  i s o l a t e d  
h y  L i ,  F l o r a  a n d  K i n g  ( 7 3 )  o r  o n e  o f  t h r e e  c h r o  m a t  © g r a p h i c a l l y  d i s t i n c t ,  
y e t  k i n e t i c a l l y  s i m i l a r ,  c e l l o b i a s e  f r a c t i o n s  o f  m o l e c u l a r  w e i g h t  
a h o u t  7 6 , 0 0 0  i s o l a t e d  h y  G o n g _ e t  a l .  (1 5 5 )-
T h e  e n z y m e  w a s  v e r y  s p e c i f i c  i n  i t s  s u b s t r a t e  r e q u i r e m e n t s -  
N o  a c t i v i t y  w a s  f o u n d  w i t h  e i t h e r  x y l a n  o r  a m y l o s e  a s  s u b s t r a t e  a s  
d e t e r m i n e d  h y  t h e  i n c r e a s e  i n  r e d u c i n g  p o w e r .  T h e  e n z y m e  i s  v e r y  
s e n s i t i v e  t o  m o d i f i c a t i o n  a t  t h e  c a r b o n  6 p o s i t i o n  o f  t h e  a r y l  
g l u c o s i d e .  R e p l a c e m e n t  o f  t h e  h y d r o x y l  g r o u p  h y  h y d r o g e n  c a u s e d  a  
172- f o l d  d e c r e a s e  i n  a c t i v i t y  a n d  c o m p l e t e  r e m o v a l  o f  t h e  CH^OH 
g r o u p  r e d u c e d  t h e  a c t i v i t y  1 0 0 0  t i m e s .  R e p l a c e m e n t  o f  t h e  h y d r o x y l  
h y  a  c h l o r i n e  a t o m  w a s  e v e n  m o r e  s e v e r e  r e s u l t i n g  i n  a  1430- f o l d
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d e c r e a s e  i n  a c t i v i t y .  YJhen a  m e t h y l  g r o u p  w a s  s u b s t i t u t e d  f o r  t h e  
p r o t o n  o f  t h e  h y d r o x y l  g r o u p  o n  c a r b o n  6  t h e  r a t e  o f  r e l e a s e  o f
3 , 4 - d i n i t r o p h e n o l  d r o p p e d  b y  a  f a c t o r  o f  10""^ c o m p a r e d  w i t h  t h e  
p a r e n t  * a r y l  g l u e o p y r a n o s i d e .  S u b s t i t u t i o n  o n  c a r b o n  2  a l s o  a f f e c t e d  
t h e  a c t i v i t y .  R e p l a c e m e n t  o f  t h e  h y d r o x y l  g r o u p  b y  a  p r o t o n  r e s u l t e d  
i n  c o m p l e t e  l o s s  o f  a c t i v i t y  a n d  r e p l a c e m e n t  b y  a n  a c e t a m i d o  g r o u p  
c a u s e d  a  25—f o l d  d e c r e a s e  i n  a c t i v i t y  c o m p a r e d  w i t h  t h e  p a r e n t  
g l u c o p y r a n o s i d e .  A l t e r i n g  t h e  c o n f i g u r a t i o n  o f  t h e  h y d r o x y l  o n  
c a r b o n  4  f r o m  e q u a t o r i a l  t o  a x i a l  c a u s e d  a  2 7 0 - f o l d  d e c r e a s e  i n  
a c t i v i t y .  T h e s e  r e s u l t s  s h e w  t h a t  t h e  - g l u c o s i d a s e  i s  v e r y  s p e c i f i c  
i n  i t s  s u b s t r a t e  r e q u i r e m e n t s .  T h e  c o n s t r a i n t s  i m p o s e d  o n  t h e  a t o m s  
a r o u n d  c a r b o n  6 a r e  v e r y  r i g i d .
S u b s t i t u t i o n  o f  a  m e t h y l  g r o u p  f o r  a  h y d r o g e n  a t o m  o n  t h e  
h y d r o x y l  g r o u p  o f  c a r b o n  6  r e d u c e s  t h e  r a t e  o f  h y d r o l y s i s  b y  
c e l l u l a s e  E l i  a l m o s t  t o  z e r o  s u g g e s t i n g  t h a t  e i t h e r  t h e  s t e r i c  
r e q u i r e m e n t s  a r e  w e l l  d e f i n e d  o r  t h a t  t h e  h y d r o x y l  g r o u p  i s  r e q u i r e d  
f o r  h y d r o g e n  b o n d i n g  t o  t h e  e n z y m e .  W i t h  c h l o r i n e  i n  p l a c e  o f  t h e  
h y d r o x y l  g r o u p  t h e  r a t e  i s  a g a i n  d r a s t i c a l l y  r e d u c e d .  T h i s  m ay  b e  
d u e  t o  t h e  l o s s  o f  t h e  h y d r o g e n  f o r  a s s o c i a t i o n  w i t h  t h e  e n z y m e  o r  
t h a t  t h e  s i z e  o f  t h e  c h l o r i n e  a t o m  i s  n o t  a l l o w i n g  e f f i c i e n t  s u b s t r a t e  
b i n d i n g .  B o t h  o x y g e n  a n d  c h l o r i n e  a r e  h y d r o g e n  b o n d  a c c e p t o r s  a n d  
t h e  i m p o r t a n t  f a c t  c o u l d  b e  t h e  s i z e  o f  t h e  c h l o r i n e  a t o m .  T h i s  
m ay b e  r e s o l v e d  b y  u s i n g  3 , 4 - d i n i t r o p h e n y l  6 - d e o x y - 6 - f l u o r o - ^ 3 - D -  
g l u c o p y r a n o s i d e  s i n c e  o x y g e n  a n d  f l u o r i n e  h a v e  s i m i l a r  a t o m i c  r a d i i .
On r e m o v a l  o f  t h e  h y d r o x y l  g r o u p  o n  c a r b o n  6  o r  t h e  h y d r o x y m e t h y l  
g r o u p  i t s e l f  t h e  a c t i v i t y  i s  g r e a t l y  r e d u c e d .  T h i s  e m p h a s i s e s  t h e  
n e e d  f o r  t h e  CH^OH g r o u p  o n  t h e  p y r a n o s e  r i n g .  T h e  h y d r o x y l  o n  
c a r b o n  2  i s  i m p o r t a n t  s i n c e  r e m o v a l  c a u s e s  c o m p l e t e  l o s s  o f  e n z y m i c  
a c t i o n .  H o w e v e r ,  r e p l a c e m e n t  b y  a n  a c e t a m i d o  g r o u p  s t i l l  l e a d s  t o
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e n z y m i c  a c t i v i t y *  T h e  r e d u c e d  a c t i v i t y  may b e  d u e  t o  t h e  s t e r i c  
e f f e c t s  o f  t h e  a c e t a m i d o  g r o u p  a n d  i t  m a y  b e  t h a t  t h e  2 - a m i n o - 2 - d e o x y -  
g l u c o p y r a n o s i d e  w o u l d  b e  a  g o o d  s u b s t r a t e .  T h e  i n v e r s i o n  o f  c o n ­
f i g u r a t i o n  o f  t h e  h y d r o x y l  g r o u p  o n  c a r b o n  4  l e a d s  t o  a  m u ch  r e d u c e d  
a c t i v i t y .  A g a i n  t h i s  m ay b e  a  s t e r i c  e f f e c t  a n d  b y  u s i n g  3 * 4 - d i n i t r o — 
p h e n y l  4 - d e o x y - -4 ) - g l u c o p y r a n o s i d e  a s  s u b s t r a t e  t h i s  q u e s t i o n  m ay  
b e  a n s w e r e d .  A n o t h e r  c o m p o u n d  w h i c h  w o u l d  b e  w o r t h  p r e p a r i n g  a s  a
g l u c o p y r a n o s i d e s  h y d r o l y s e d  b y  A lm o n d  e m u l s i n  a n d  b y  R e e s e  j i t  a l .  ( 157) 
f o r  p - n i t r o p h e n y l  /3  - b - g l u c o p y r a n o s i d e s  a n d  m e t h y l  /J  - D - g l u c o p y r a n o s i d e 3
s o u r c e s .  T h e s e  r e s u l t s  a s  w e l l  a s  t h e  r e s u l t s  o b t a i n e d  f o r  t h e  
|3  - g l u c o s i d a s e  f r o m  T r i c h o d e r m a  v i r i d s  a r e  g i v e n  i n  T a b l e  23*
T h e  m o s t  o b v i o u s  d i f f e r e n c e  i s  f o r  t h a t  o f  t h e  6 —d e o x y  c o m p o u n d s  
w h e r e  t h e  r e l a t i v e  r a t e  w i t h  T r i c h o d e r m a  v i r i d e  i s  m u ch  l e s s  t h a n  
t h e  r e l a t i v e  r a t e s  f o u n d  w i t h  t h e  o t h e r  e n z y m e s .  J e r m y n  ( 1 5 8 )  u s i n g  a  
ji  - g l u c o s i d a s e  f r o m  S t r a c h y b o t r y s  a t r a  f o u n d  t h e  r a t i o  o f  k c a t / & n  f o r  
p - n i t r o p h e n y l  - B - g l u c o p y r a n o s i d e  a n d  t h e  6 - d e o x y  c o m p o u n d  w a s  240 : 1 .
T h e  M i c h a e l i s - M e n t e n  c o n s t a n t s  f o r  t h e  e n z y m e  w e r e  d e t e r m i n e d  
u s i n g  34DNPG^ a s  s u b s t r a t e .  T h e  r e s u l t s  a r e  s h o w n  i n  t h e  f o l l o w i n g
p r o b e  t o  t h e  e n z y r n e / s u b s t r a t e  r e q u i r e m e n t s  w o u l d  b e  3 > 4 - d i n i t r o -  
p h e n y l  3 - d e o x y -  - g l u c o p y r a n o s i d e .
T h e s e  r e l a t i v e  r a t e s  o f  h y d r o l y s i s  m ay b e  c o m p a r e d  w i t h  t h e  
r e s u l t s  o b t a i n e d  b y  G o u g h  ( 1 5 6 )  f o r  a  s e r i e s  o f  d e o x y - m e t h y l  P)
l u b s t i t u t e d  a t  c a r b o n  6 h y d r o l y s e d  b y  $  —g l u c o s i d a s e s  f r o m  v a r i o u s
t a b l e .
V m ax ( M . 1 1 . s ~ 1 )
Km ( M . I - 1 )
^ c a t  ( s  ) 
kc a t /Km ( l . M ^ . s " 1)
1.44 x 10-8
7.09  x 10“ 5
0.63
8830
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The a ry l  g lu co sid e  i s  th e re fo re  a reaso n ab le  s u b s tr a te  fo r  th e
enzyme hav ing  a 10 fo ld  sm a lle r  Km va lu e  th an  340ITPG w ith  c e l lu la s e  
E l and a value  o f kcat/Km 20 tim es g r e a te r .
From th e  experim ents perform ed on c e l lu la s e  E l i  i t  i s  no t 
p o s s ib le  cay i f  th e  enzyme i s  t r u ly  a -g lu c o s id a se  or a c e l lo b ia s e .  
The key ~_rference between th e se  enzymes i s  th e  number o f b in d in g  s i t e s  
on th e  enzyme. A F> -g lu c o s id a se  v ii l l  only have one b in d in g  s i t e  
w hereas a c e l lo b ia s e  w il l  have a b in d in g  s i t e  fo r  each re s id u e  o f 
c e l lo b io s e .  The k c a t/* ^  value  fo r  a JQ —g lu co sid ase  should  be la r g e r  
fo r  jD -n itrophenyl P) -I>-glucopyranoside (o r  3 ,4 -d in itro p h e n y l^ -d )— 
g lucopyranoside) compared w ith  th a t  o f c e llo b io se  due to  th e  ary loxy  
group b e in g  a b e t t e r  le a v in g  group. A c e l lo b ia s e ,  on th e  o th e r  hand, 
would have a more comparable k ca-fc/Km value fo r  c e llo b io s e  and jo—n i t r o —
phenyl Jq -B -g lucopyranoside  due to  th e  e x tra  enzyme a c t iv i t y  o b ta in ed  
from th e  b in d in g  o f th e  second glucose m oiety.
An example o f t h i s  argum ent i s  th e  enzyme i s o la te d  by Berghem 
and P e t ie r s s o n  (1 0 2 ). The c a ta ly t i c  c o n s ta n ts  fo r  th e  enzymic a c t io n
on o -n i tro p h en y l -g lu co p y ran o sid e  and c e llo b io se  i s  g iv en  below
C e llo b io se  p -n i t ro p h e n y l  g lu c o s id e
Vmax (xlO~^M. s” 1) 
Km (xlO^M)
^ c a t  ( s  )
0 .5 5
25.8
1 .5
25,200
0 .28
536 .7
k c a t /Km ( i r 1 . s ’*1) 17,200 9 x 10,7
There i s  no doubt from t h i s  a n a ly s is  th a t  th e  enzyme i s o la te d  by
Berghem and P e tte rs s o n  i s  a  A -g lu c o s id a s e .
A nother example o f t h i s  type o f a n a ly s is  can be worked o u t f o r  
th e  enzyme i s o l a t e d  by M aguire (153) • The r a t i o  o f  th e  kca t/Km 
v a lu e s  f o r  jo -n i tro p h e n y l -g lu c o p y ra n o s id e  and c e l lo b io s e  i s
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5 .5  : 1. This sm all v a r ia t io n  s tro n g ly  su g g ests  th a t  th e  enzyme 
is o la te d  by h ag u ire  i s  indeed  a c e l lo b ia s e .
An in d ic a t io n  to  th e  n a tu re  o f c e l lu la s e  B II may be o b ta in ed  
from th e  r e l a t i v e  r a t e s  o f  h y d ro ly s is  o f  3433NPG1 and 34DNPG2 as shown 
in  F ig u re  26. A f te r  4 m inutes the  amount o f 3 ,4 -d in itro p h e n o l 
re le a se d  rom 34DNPG  ^ i s  only  about double th a t  o f  34DNPG2* T his 
im p lie s  “.:a t th e  cleavage o f th e  f i r s t  g lucose re s id u e  from th e  
c e l lo b io s i i e  proceeds a t  a s im ila r  r a t e  to  th e  c leavage o f  th e  a ry l  
g lu co sid e  bond. jp—Ni tro p h en y l -B -g lu co p y ran o sid e , as  a le a v in g  
group, must be s im i la r  to  g lucose i t s e l f  and th e re fo re  some a s s is ta n c e  
p robab ly  a r i s e s  from b in d in g  o f th e  second g lucose  re s id u e  in  th e  
c e l lo b io s id e  which su g g ests  th a t  th e  enzyme i s  a  c e l lo b ia s e .
T his i s  only  t e n ta t iv e  and obv iously  a more d e ta i le d  k in e t ic  
study  o f  th e  h y d ro ly s is  o f  c e llo b io se  i s  re q u ire d .
Prom th e  work undertaken  in  t h i s  p ro je c t  i t  appears th a t
3 ,4 -d in itro p h e n y l ^  - c e l lo -o l ig o s a c c h a r id e s  w il l  be u s e fu l  s u b s t r a te s  
fo r  th e  ra p id  d e te rm in a tio n  o f th e  p resence  and a c t i v i t y  o f  c e l lu la s e  
enzymes. The s u b s tr a te s  may f in d  a use in  d e te rm in in g  th e  r a t i o  o f  
y3 -1 ,4 -g ln c a n  g lucanohydro lase  a c t i v i t y  to  y3 -g lu c o s id a se  a c t i v i t y  
s in c e  th ey  have th e  same le a v in g  group. This i s  in  c o n tr a s t  to  
s u b s tr a te s  used a t  p re s e n t ,  namely, carbo-xymethyl c e l lu lo s e  and 
o -n itropheny ly0 -d )-g lucopyranoside  whose 's t r u c tu r e s ' and 'l e a v in g  
groups' a re  very  d i f f e r e n t .
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APPENDIX i -  IN IT IA L SLOPE PROGRAM 
?• \
VRITEA 
' 7T ! "TYPE RUN NUMBER”
9A RN
10VECTOR AB(1 * 1 * 2 5 5 )
12T ! "TYPE NUMBER OF POINTS TO BE COLLECTED” 
13A N
u f  1 = 1 , n ; s  Y d ) = 0
1ST ! "TYPE CARY 16 SCALE"
16A OB
17s 1= 1 ; s  V=0 
18T !
20S Y ( I ) = 0  
3 0 Z I P 1 , 1 , 1 0 ,  0 ,  AB
40FORJ=1 , 1 0 ; s  Y C I ) = Y ( I ) + « 0 0 0 1 * O B * A B ( J )
4 5 I F C V - 6 > , 5 0 , 4 6 , 4 6
46S V=0;T 1
50T % 5 . 0 4 , Y C I > , " / / "
6 0 I F C N - I ) , 1 4 0 , 1 4 0 , 6 5  
65S V=V+1 
70S 1=1+1 
75S X=4000 
80F  P=1 ,XJ S  KL=0 
90GO20 
140S TC = 2 9 • 2 5  
145S EC=5500 
150S P L =1 
1 70T ! !
1 80S P=0
210S A < 1 , 1 )=YCl )
220S A C 2 , 1 )=CYC6)-YC1 ) >/5*TC
230S A ( 3 , 1  ) = C Y ( N) - A ( 1 , 1 > * T C * ( N - 1 ) > / CT C* <N- 1> » 2 )
3203  EY=•001 
330S ER=1 
340S P=P+l
3 4 5 F  R = l , 4 , - F  Q = 1 ,4 ,#S B ( R , Q ) = 0  
346S X=0
3 5 0 F I= 2 ,N ,* D 0 3 6 9 /4 8 5  
360GO 490 
3 70S X=X+TC
380S OFC 4 ) =Y( I ) -AC 1, P ) - A ( 2 , P ) * X - A ( 3 , P ) * X t  2
390S OFC1) = -1
400S 0 F < 2 ) = - X
410S 0 F ( 3 ) = - X r 2
420S 0Y=1
430S 0 P = - A ( 2 , P ) - 2 * A C 3 , P > * X  
440S L=OX/ER+OY/EY 
450S  R=0 
460S R=R+1
4 7 0 F  Q = 1,4,*S BCR,Q)=B(R,Q ) + O F ( R ) * Q F ( Q ) / L
4 8 1 I F ( R - 4 ) , 4 6 0 , 4 8 5 , 4 8 5
485
490S BO=B(1 , 1 > * C B < 2 , 2 ) * B C 3 , 3 > - 3 C 2 , 3 > t2>
50 IS BO=BO-B( 1 , 2 ) * ( B ( 1 , 2 ) * B ( 3 , 3 ) - B ( 2 , 3 ) * B ( 1 , 3 > >  
502S B 0 = B 0 + B ( l , 3 ) * ( B ( i , 2 ) * B < 2 , 3 > - B ( 2 , 2 ) * B ( 1 , 3 ) )
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5 0 3 S  D C 1 , 1 ) = C B C 2 , 2 ) * B C 3 , 3 > - B C 2 , 3 ) » 2 > / B 0  
5 1 0 S  D C 1 , 2 ) = C - B C 1 , 2 ) * B C 3 , 3 ) + B C 2 , 3 ) * B C 1 , 3 ) ) / B 0  
5 2 0 S  D C 1 , 3 ) = C B C 1 , 2 ) * B C  2 , 3 ) - B C 2 , 2 ) * B C 1 , 3 ) ) / B O  
5 2 5 S  D C 2 , 2  > = C B C 1 , 1 > * B C 3 , 3 ) - B C 1 , 3 ) t 2 ) / B O  
5 3 0 S  D C 2 , 3 > = C - B C 1 , 1 ) * B < 2 , 3 > + B C 1 , 2 ) * B C 1 , 3 > ) / B O  
5 4 0 S  D C 3 , 3 )  =  C B  C 1 , 1 ) * B C 2 , 2 ) - B  C I , 2 ) t  2  > / B O  
5 5 0 S  D < 2 , 1 ) = D ( 1 , 2 )
560S D C 3 , 1 ) = D ( 1 , 3 )
570S DC3, 2)=DC2, 3>
580S Q=P+I
590FOR R=1,3,*D0 6 1 0 / 6 2 0  
600GO 630
610S DLCR)=DC1, R ) * B C 1 , 4 ) + D C 2 , R ) * B C 2 , 4 ) +DC3, R>*BC$,4)
620S ACR,Q)=ACR,P)-DLCR> _
630S S = B C 4 , 4 ) - B C 1 , 4 ) * D L C 1 ) -B C2, 4 >*DLC2 >-BC3,  4 ) *DLC3 >
635T ! , % , A( 1 , Q ) , A C 2 , Q ) , A ( 3 , Q ) ,
640 I F( FABS CP-1 ) - 1 0 r  C -1 000 ) ) ,  3 4 0 ,  65 0 ,  650 '
650 IFC F ABS CP - 4) - 1 0 t  C- 1 0 0 0 ) ) , 6 7 0 , 6 6 0 ,  660
660 IFC FABS C A C 2 , Q ) - A C 2 , P ) ) - * 0 1 * A  C 2 , P ) ) , 6 7 0 , 3 4 0 , 3 4 0
670
8 1 0T ! "ENZYMIC HYDROLYSIS OF 34 DINITROPHENYL CELLOTETRAOSIDE" 
815T ! "JOHN W- THOMSON"
820GO 840 
840
845T " RUN NUMBER " , 2 4 . 0 0 , R N  
850T ! "ABSORBANCE DATA"
860
870S P=P+l
880T ! " INITIAL SLOPE PROGRAM"
890T ! , % 1 . 0 0 , P - 1 , "  ITERATIONS NEEDED"
8 9 9F  1 = 1 , 3J S  S D C I )= F SQ T C S * D C I , I ) / C N - 5 ) >
900T ! " A = " , % , A C 1 , P > , "  EST A",AC 1 , 1 ) , ! , " S T . D E V . " , SDC1 ) ,
. 910T 1" " , 100*SDC1 ) / A C l , P ) , " P E R  CENT"
915
920T ! ! " B = " , A C 2 , P ) , "  A*U. PER S E C " , "  EST B = " , A C 2 , 1 ) ,
921T ! "  " , 6 0 * A C 2 , P ) , "  A.U* PER M I N " , ! , "  " , A C 2 , P ) / E C * P L ,
922T " MOL E/ LI TRE/ SEC" , ! , " S T .  D E V . " , " = " , S D C 2 ) ,
923
930T ! "  " , 1 0 0 * S D C 2 ) / A C 2 , P > , "  PER CENT",
940T ! ! ,  " C = " ,  AC3 , P ) ,  "  EST C " ,  AC3, P)  ,  ! ,  "ST DEV*’,SDC3)
950T 1" " , 1 0 0 + S D C 3 ) / A C 3 , P > , "  PERCENT
955G07
960T ! ! "FULL DATA LIST YES TYPE1/ , NO T Y P E -1 /"
970A CO
980 I FCCO>, 1 0 0 9 , 9 9 0 , 9 9 0
990T ! ! ! "TIME/S ABS CALABS RESIDUALS"
9 9 IS X=0 
1000F I = 2 , N ; D O 1 0 0 2 / 1 0 0 4  
1 0 0 1 GOl009 
1002S X=X+TC
1003S SR=YCI) -AC 1, P ) - A C 2 , P ) * X - A C 3 , P ) * X t  2
1004T 1 , Z , X , "  " , Z 5 . 0 4 , Y C I ) , "  " , Y C I ) - S R , "  " , S R
1009QUIT
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APPENDIX 2 -  MICHAELIS-MENTEN PROGRAM\
WRITEA
5 COMMENT MICHAELIS MENTEN PROGRAM 
6T ! "TYPE RUN NUMBER”
7A RN
10T !"TYPE NUMBER OF SUBSTRATE CONCENTRATIONS”
20A N 
30
35T !
40T ! ” TYPE POWER FACTOR FOR RATES FORMAT 1E-X”
45A PR
47T ! ” TYPE POWER FACTOR FOR SUBSTRATE CONCS* FORMAT 1E-Y”
4 8A PS
4 9T ! "TYPE INITIAL RATES(M/L/S) * %ST* DEVS • > SUBSTRATE CONCS.CM/L)” 
50T ! !
52 F 1 = 1^ N ; D 0 5 5 / 6 4
53 GO 65
55A V ( I ) > E V ( I ) > S < D ; T  ” / / ” «,!
60S V<I )=VCI) *PR 
62S E V C I ) = E V ( I ) * V < I ) / 1 0 0  
64S SCI ) =SCI >*PS  
65T !
70T ! "TYPE ESTIMATED K-M”
80A A C M )
8 1 S A ( 1 , 1 ) =AC1,1 >*PS
85T ! "TYPE ESTIMATED V-MAX”
90A A C 2 , 1>
9 IS A C 2 , 1 >=A<2 , 1 )*PR 
95S P=0 
100S P=P+1
110F R = L 3 J F  Q = 1 , 3 ; S  BCQj R )=0  
120F 1=1, N ; D O 1 4 0 / 2 7 0  
130GO 280  
140
150S 0 F C 3 ) = V ( I ) - C A C 2 , P ) * S  CI> /<AC1*P)+SCI  ) > >
160S 0FC2)  = -SC n / C A C l , P ) + S C  I ) )
1 70S 0 F ( 1 ) = A ( 2 > P ) * S ( I ) / ( ( A C 1 > P ) + S ( I ) ) » 2 )
1 80S 0 X = A ( 2 ^ P ) * S ( I ) / C C A ( 1 > P ) + S ( I  > ) f 2 ) -AC2., P)  /  < AC L P ) + S ( D )
1 90S 0Y= 1
200S W Y = 1 / ( E V ( I > t 2 )
210S WX=1/ CSCI )* . 01>»2  
220S L=0Xt2/WX +0Yt2/WY 
230S Q=1
2 4 0 F R = 1 , 3 ; S  BCQ,R)=BCQ,R)+OFCQ)*OFCR>/L 
250S Q=Q + 1
260  IFCQ- 4 ) , 2 4 0 , 2 7 0 > 2 4 0  
270
280S B 0 = - B C 1 , 1 ) * B C 2 . , 2 > + B C 1 , 2 ) t2
290S DACl) = CBC1.#2)*BC2.>3)-BC2.»2)*BC1 * 3 ) ) /BO
291
300S DAC2)=CBC1,2)*BC1* 3 ) - B C 1 , 1 ) * B C2 , 3 ) ) /BO 
301
310S Q=P + 1
315  F R = 1/  21S A C R.»Q )= A C R j P ) - DA( R >
3 2 0 I F C P - 5 ) , 100*330.*100 
330
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3 4 0
350S S 0 = B C 3 , 3 ) - B C 3 , 1 )*DA<1) -BC3 , 2 ) *DAC2)
3 5 1 S SO=-SO
355S S D C i > =F SQ TC BC2 ,2 ) * S0 / B0 *C N- 2) )
357S SDC2)=FSQTCBC1 , 1 > +SO/BO*CN-2>>
3 60
365T ! "JOHN V. THOMSON RUN NUMBER'S %4. 0 0 , RN
370T ! ! ! "SUBSTRATE CONC. EXPERIMENTAL RATE CALC.RATE”
3 71T ! ” MOLES/LITRE MOLES/LITRE/SEC M / L / S ”
3 8 0 F  1=1 , N ;D O 4 0 0 / 4 1 0  
385S P=P+1 
3 90GO420
400S BA( I ) = A C 2 , P ) * S C I ) / ( A ( 1, P)+S C I )>
410T ! ,  %, S C I ) ,  ” S V ( I ) i " ” , BACI)
415
4 1 6
420T ! ” VMAX K-M
4 3 0 F i = l p ; t  ! A C 2 ,  I ) ,  ” ” , AC 1 , I )
440T ! ” VMAX K-M”
450T ! "CALCULATED” ,A  < 2 , P ) , ” ” , A C 1 , P )
460T ! "ESTIMATED ” , A C 2 , l > , ” ” , AC 1 , 1 )
470T ! ” STAND.DEV.” , S D C 2 > , ” ” , SDC1)
500T ! ! ! "FULL DATA LIST YES TYPE 1 /NO TYPE - 1 / '
502A Z
5 0 3 I F C Z > , 5 5 0 , 5 5 0 , 5 0 5
505T ! "RESIDUALS VEXPT-VCALC. ”
5 1 0 F  1=1, N ; D O 5 2 0 / 5 3 0
515GO540
520S BBC I ) = V C I ) - B A ( I )
530T ! ,  BBC I )
540
550QUIT
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APPENDIX 3 -  MICHAELIS -  MENTEN PROGRAM
W R J T E A
1 0 C O M M E N T  n  E Q U A T I O N  C O R N  I S H - B O V D E N  P I  7 9  
2 0 T  ! " N O  O F  P O I N T S " ; A  N
2 5 T  ' . " P O W E R  F A C T O R  F OP .  V E L O C I T I E S " ;  A  Y
3 0 T  ! " V E L O C  I T I E S " !  ; F  1 =  1 ,  N , * A  V C I ) , * S  VC I > = V C I > * ! 0 t Y
3 5 T  ! " P O W E R  F A C T O R  F O R  C O N C E N T A T I O N S " ; A  X
4 0 T  ! " C O N C E N T A T  I O N S "  ! *  F  I  =  1 , N , ' A  C C I D S  C C I ) = C C I > * 1 0 tX
5 0 F  1 = 1 , 5;s S ( I ) = 0
6 0  F  1 =  1 , N ; D O 8 0 / 1 2 0
7 0 G O 1 3 0
8 0 S  S C 1 > = S C 1 ) + V C I ) t 4 / C C I ) r 2  
9 0 S  S C 2 ) = S C 2 ) + V C  I  )  1 4  
1 0 0 S  S C 3 ) = S C 3 ) + V C I ) t 3  
1 1 0 S  S C 4 )  =  S C 4 ) + V C I ) t 4 / C d )
1 2 0 S  S C 5 ) = S C 5 ) + V C I ) t 3 / C C I )  ‘
1 3 0 S  D = S  C l  ) * S C 3 ) - S  C 4 ) * S  C 5 >
1 4 0
1 5 0 T  ! , % , C S C 1 ) * S C 2 ) - S C 4 ) t 2 ) / D  
1 6 0 S  K C 1 ) = C S C 2 ) * S C 5 ) - S C 4 > * S C 3 ) > / D  
1 7 0 T  K C 1  )
1 8 0 S  P  =  1
1 9 0 F  I  =  1 , 5 , * S  S C I ) = 0  
2 0 0 F  1 =  1 , N , * D O 2 2 0 / 2 7 0  
2 1 0 G O 2 8 0
2 2 0 S  L C I ) = C K C P ) + S C I ) ) t 2  
2 3 0 S  S C I > = S C 1 > + V C I ) t 2 / L C I )
2 4 0 S  S C 2 ) = S  C 2 )  +  C C C I ) t 2 ) * C V C I ) t 2 ) / L C  I  )
2 5 0 S  S C 3 ) = S C 3 > + C C I ) * V C I ) t 2 / L C I >
2 6 0 S  S C 4 ) = S C 4 )  +  C C C I ) t 2 > * V C I ) / L  C I  )
2 7 0 S  S C 5 ) = S C 5 ) + C C I ) * V C I ) / L C I >
2 8 0 S  D = S C 1 ) * S C 4 ) - S C 3 ) * S C 5 )
2 8 5 S  P = P + I
2 9 0 S  U C P ) = C S C 1 > * S C 2 > - S C 3 > T 2 > / D  
3 0 0 T  ! , U C P )
3 1 0 S  K C P ) = C S C 2 ) * S C 5 ) - S C 3 ) * S C 4 ) ) / D  
3 2 0 T  K C P )
3 3 0  I F C P - 7 > ; i 9 0 , 3 3 4 , 3 3 4  
3 3 2 T  ! " J O H N  W-  T H O M S O N "
3 3 4 T  ! " C O N C E N T R A T I O N  V O B S  V C A L C "
3 3 5 F  I  =  l , N , * D 0 3 3 7 / 3 3 8  
3 3  6 G 0 3 3 9
3 3 7 T  I , C C I ) , "  " , V C I > , "  "
3 3  8 T  U  C P ) / C 1 + K C P > / C  C l ) )
3 3 9 I F C P - 7 ) , * 3 4 0 , 3 7 0 , 3 7 0
3 4 0 S  K C P ) = 0
3 5 0 S  P = P + 1
3 6 0 G O 1 9 0
3 7 0 Q U I T
